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a first compn. comprising 0.001-10% a 



ST 
IT 



IT 



IT 



IT 



A stable skin care product contains 

retinoid, a second compn. comprising 0 . 0001 -5 0°/ at least 1 retinoid 
booster and 0.001-10% a phytoestrogen. The products also contain a 
compartment for storing the first compn. and a second compartment for 
storing the second compn., the first and second compartments being joined 
together. Synergy between ^g enistgin ^n d-^-U^j n a nc j 
^etinoid swa^tested^. In both the studies genistein was 
deITv^r^d~TcTTH^cells in a sol. form in DMSO/EtOH. Genistein 
(1 .mu.m) alone stimulated CRABP-2 significantly. Both genistein 
and daidzein stimulate retinoid activity in a synergistic 
manner. All the retinoids tested, except retinyl acetate showed 
synergy with genistein and daidzein. These data support our 
claim that the phytoestrogenic flavonoids genistein and 

daidzein, when supplied to cells in a sol. form, synergist ically enhanced 
the activity of retinoids. \ oC" 

skin retinoid phytoestrogen dual compartment package \ / 

Skin, disease ^ 

(aging, wrinkles; skin care product contg. retinoid boosters and 

phytoestrogens in dual compartment package) 
Amides, biological studies 

RL: COS (Cosmetic use); PAC (Pharmacological activity); THU (Therapeutic 
use) ; BIOL (Biological study) ; USES (Uses) 

(castor oil, N- (hydroxyethyl ) ; skin care product contg. retinoid 
boosters and phytoestrogens in dual compartment package) 
Amides, biological studies 

RL \ CO fri T C °^ met ^ C US6); PAC (Narcological activity); THU (Therapeutic 
use); BIOL (Biological study); USES (Uses) 

(coco, N- (hydroxyethyl); skin care product contg. retinoid boosters and 
phytoestrogens in dual compartment package) 
Skin, disease 

(dry; skin care product contg. retinoid boosters and phytoestrogens in 



dual compartment package) 
IT Skin 

(epidermis; skin care product contg. retinoid boosters and 
phytoestrogens in dual compartment package) 
IT Skin, disease 

(photoaging; skin care product contg. retinoid boosters and 
phytoestrogens in dual compartment package) 
IT Estrogens 

RL: COS (Cosmetic use); PAC (Pharmacological activity); THU (Therapeutic 
use) ; BIOL (Biological study) ; USES (Uses) 

(phytoestrogens; skin care product contg. retinoid boosters and 
phytoestrogens in dual compartment packaqe) 
IT Acne 

Animal tissue culture 

Cosmetics 

Fibroblast 

Sebum 

(skin care product contg. retinoid boosters and phytoestrogens in dual 
compartment package) 
IT Flavonoids 
Linseed oil 
Retinoids 

RL: COS (Cosmetic use); PAC (Pharmacological activity); THU (Therapeutic 
use); BIOL (Biological study); USES (Uses) 

(skin care product contg. retinoid boosters and phytoestrogens in dual 
compartment package) 
IT Cosmetics 

(skin-lightening; skin care product contg. retinoid boosters and 
phytoestrogens in dual compartment packaqe) 
IT Skin y 

(stratum corneum; skin care product contg. retinoid boosters and 
phytoestrogens in dual compartment package) 
IT Drug delivery systems 

(topical; skin care product contg. retinoid boosters and phytoestrogens 
in dual compartment package) 
" ll'll'^' 2 - H Y drox Yq ui noline 60-33-3, Linoleic acid, biological studies 
68-26-8, Retmol 77-52-1, Ursolic acid 78-70-6, Linalool 79-81-2 
Retmyl palmitate 80-73-9, 1 , 3 -Dimethyl - 2 - imidazolidinone 91-64-5 ' 
Coumarm 97-78-9, N-Laurylsarcosine 106-22-9, Citronellol 106-24-1 
Geraniol 117-39-5, Quercetin 127-41-3, . alpha .- Ionone 127-47-9 
Retmyl acetate 148-24-3, 8 -Hydroxyquinoline , biological studies ' 
302-79-4, Retinoic acid 446-72-0, Genistein 471-53-4, 

lS.beta.-Glycyrrhetinic acid 480-41-1, Naringenin 486-66-8, Daidzein 
544-31-0, Palmitic acid monoethanolamide 631-89-0, Retinyl linoleate 
695-10-3D, cocoyl derivs . 871-37-4, Oleyl betaine 4602-84-0, Farnesol 
5392-40-5, Citral 16058-19-8 22916-47-8, Miconazole 38083-17-9 
Climbazole 56863-02-6 65277-42-1, Ketoconazole 68171-52-8, Linoleic 
acid monoethanolamide 80111-68-8, Damascone 112708-19-7 
lH-Benzotriazolamine 124753-97-5 159065-21-1 386704-13-8, Utrecht-2 
RL: COS (Cosmetic use); PAC (Pharmacological activity); THU (Therapeutic 
use); BIOL (Biological study); USES (Uses) 

(skin care product contg. retinoid boosters and 

phytoestrogens in dual compartment package) 
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IN PiUai, Sreekumar; Granger, Stewart Paton; Scott, Ian Richard; 
Pocalyko, David Joseph 

AB A stable skin care product contains a first compn. comprising 0.001-10% a 
retinoid, a second compn. comprising 0.0001-50% at least 1 retinoid 
booster and 0.001-10% a phytoestrogen. The products also contain a 
compartment for storing the first compn. and a second compartment for 
IcZll 9 the o second compn., the first and second compartments being joined 
together. Synergy between genistein and daidzein and retinoids 
was tested. In both the studies genistein was delivered to the 
cells in a sol. form in DMSO/EtOH. Genistein (1 .mu.m) alone 
stimulated CRABP-2 significantly. Both genistein and daidzein 
stimulate retinoid activity in a synergistic manner. All the retinoids 
al^tt'i 6XC ^ re ' lnyl acetate showed synergy with genistein and 
daidzein These data support our claim that the phytoestrogen^ 
flavonoids genistein and daidzein, when supplied to cells in a 

tt , n ? rm ; ^ er 9 isticall y enhanced the activity of retinoids. 

\V\\ * pi? 7 ? Xyq ^ n ^ ine 60 - 33 " 3 ' Linoleic acid, biological studies 
68-26-8, Retinol 77-52-1, Ursolic acid 78-70-6, Linalool 79-81-2 
Retmyl palmitate 80-73-9, 1 , 3 -Dimethyl -2 -imidazolidinone 91-64-5 
Coumann 97-78-9, N-Laurylsarcosine 106-22-9, Citronellol 106-24-1 
Geramol 117-39-5, Quercetin 127-41-3, . alpha .- lonone 127-47 9 

307 7Q / C f ■ 148 ~ 2 J ~ 3 ' 8 - H y d ^yquinoline, biological studies ' 
302-79-4, Retinoic acid 446-72-0, Genistein 471-53-4 

11a ^ a n ~ G l Y 7 r l het±niC , 3Cid "O- 41 " 1 ' Naringenin 486-66-8, Daidzein 
fi«"?i"?; Palmit ^ c / Cld monoethanolamide 631-89-0, Retinyl linoleate 
III? !n ?' n? y denvs. 871-37-4, Oleyl betaine 4602-84-0, Farnesol 
5392-40-5, Citral 16058-19-8 22916-47-8, Miconazole 38083-17-9 
Climbazole 56863-02-6 65277-42-1, Ketoconazole 68171-52-8 Linoleic 
acid monoethanolamide 80111-68-8, Damascene 112708-19-7 Linoleic 
lH-Benzotriazolamine 124753-97-5 159065-21-1 386704-13-8 Utrerht- 7 

use) CO BIOL°(Btoi C USe !'' ^ , (PharmaC ° l09iCal -^-ity); THU 3 (?herap r e e ut c 
use) ; BIOL (Biological study) ; USES (Uses) 
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ANSWER 4 OF 6 USPATFULL 

Pillai, Sreekumar, Wayne, NJ, United States 

Over 500 compounds present in plants have been described to have 
estrogenic activity. These compounds, collectively called 
phytoestrogens, are found in a diverse number of plants including 
cereals, legumes (including chick peas) and grasses (Price et al 
Naturally occurring estrogens in foods--a review., Food additives ' and 
contaminants., 2, p. 73-106, 1985). Their concentrations vary in the 
different parts of the plants, geographical locations, year of growth 
etc. Two major classes of plant compounds which possess phytoestrogenic 
activitv are flavonoids and coumestans. Some of the commonly described 
phytoestrogenic compounds are genistein, biochanin A, 
formononetin, daidzein and their glycoside derivatives (Knight et al 
Phytoestrogens -a short review., Maturitas, J. Climactreic and 
post-menopause, 22, p. 167-75, 1995). 
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ANSWER 3 OF 6 USPATFULL 

Pillai, Sreekumar, Wayne, NJ, United States 

Phytoestrogens are natural compounds which have estrogen-like activity 
and ^ which are found in plants. Some bioflavonoids, such as 
genistein and daidzein, are known phytoestrogens. WO 99/04747 
(Unilever) teaches that resveratrol, a compound found in a variety of 
plants, is a phytoestrogen and discloses cosmetic compositions 
containing resveratrol . One of the disclosed compositions also includes 
retinyl palmitate. 
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^^S^^^^^^y of -A-expressed 

h T yd r ;x y \ i a t \ t r P a a tteris im oi a t t he ry ° f 6 ^noMs with distinct 

CYP1A P 450s were studied CDMA ^'/^ hCpatic m ° USe and huma " 

differed in their sensrtfvitv SlShTf T 6 CYP1A1 and CYP1A2 
flavonoids, resp A comparison hp? hydroxylated and nonhydroxylated 
revealed that aloha n !Sh? be tween the mouse and human CYP1A2 
benzol. alpS JpyrK ^ ' hySroxyl^tion ^-"^ TOt Change the 

inhibited its 7 y ethoxyresorufin and 7 7 ° f hUman CYP1A2 but 

activities. m contort hidrow?^ 7 J hoxyresoruf in O-dealkylation 
7-methoxyresorufin 0-demeth^a??on . flav ° n oids increased the 
activities of cDNA- expressed human ^llTTnTlnt 4 ^oxylation 
These compds. inhibited the hZn^i u n Uman llver microsomes. 

cDNA-expressed C.pIm an^ CYPlL " ^ ^exfa " hydr ° XYlaSe acti ^V of 
microsomes. Hydroxvlated f Z^'f ^ in mOUSe and human 

450 reductase .Sj^SES NAd'ph" ^chr ^-^f^ * 
reductase activity in liver microsome. ' 6 ~ dlcnloro P hen olindophenol 

Hep G2 cells. StLcture-actiiitv k ^ ™ lcrosomes f ^m recombinant 
groups in the 5- and o I " ' ^ns indicated the importance of OH 
These OH groups accounted for ?L ring ° f the flavane nucleus, 

the activities o? the expressed P Isol ^ ° f Chrysin on each of 

at the 4 --position on S B ring decr^sed" thT ' ^ preSence ° f » °« group 
naringenin compared to that h h inhibitory potency of 

group on the B rinc wa = ■ c ^ rysin - The ortho-orientation of a OH 
more potent than morln a " ^k""' inasmuch quercetin was 
microLmafmo^genasL. inhlblt ° r of cDNA- expressed and hepatic 
ST cytochrome P450 1A expression liver 
f lavonoid 

" 48o"^"i 5 ' J"*""" 460-16-0, Morin 480-40-0, Chrysin 
RL: BIOL (Biological study) 

CYP1A ,-450s to different flaTOnoids " 7 f^—Pressed 
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AB ™f T nat ^ al ly. occurring flavonoids were investigated as substrates for 
cytochrome P 450 m uninduced and Aroclor 1254 -induced rat liver 
microsomes. Naringenin, hesperetin, chrysin, apigenin, tangeretin, 
kaempferol, galangin and tamarixetin were all metabolized extensively bv 
induced rat liver microsomes but only to a minor extent by uninduced 
microsomes. No metabolites were detected from eriodictyol, taxifolin 
luteolm, quercetin, myricetin, fisetin, morin or isorhamnetin 
The identity of the metabolites was elucidated using Ic-ms and 1H-NMR and 
was consistent with a general metabolic pathway leading to the 
d^h P i n ? in9 3 ': 4 '- dih y dr °*ylated flavonoids either by hydroxylation or 
demethylation. Structural requirements for microsomal hydroxylation 
appeared to be a single or no hydroxy group on the B-ring of the flavan 
nucleus. The presence of two or more hydroxy groups on the B-ring seemed 
onlfo" ^—y^n. The results indicate that demethylation 

only occurs in the B-ring when the methoxy group is positioned at C4' and 
not at the C3 , -position. The CYP1A isoenzymes were found to be 
the main enzymes involved in flavonoid hydroxylation, whereas other 
cytochrome P 450 isoenzymes seem to be involved in flavonoid 
demethylation . 

IT 117-39-5, Quercetin 480-16-0, Morin 480-18-2, Taxifolin 

l!?"«"o' * sorhamnetin 480-40-0, Chrysin 480-41-1, Naringenin 

" " ' Tangeretin 491-70-3, Luteolin 520-18-3, Kaempferol 
520-33-2, Hesperetin 520-36-5, Apigenin 528-48-3, Fisetin 529-44-2 
Myricetin 548-83-4, Galangin 552-58-9, Eriodictyol 603-61-2 
Tamarixetin ' 

fR^oo' ^i 0103 ^ 1 P^ess); BSU (Biological study, unclassified); BIOL 
(Biological study) ; PROC (Process) 

IT gnJ^/^r ^transformation of flavonoids by rat liver microsomes) 
IT 9035-51-2, Cytochrome P 450, biological studies 

S, : 1H BAC biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; BIOL (Biological study) 

(isoenzymes CYP1A, CYP3A, CYP1A2 , and CYP2B; in vitro 
biotransformation of flavonoids by rat liver microsomes) 
TI In vitro biotransformation of flavonoids by rat liver microsomes 
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Inhibition of mouse and human CYP lA-and 2E1 -dependent 

substrate metabolism by the isof lavonoids genistein and equol 

The inhibitory effect of the isof lavonoids genistein and equol 

on cytochrome P 450 activities has been investigated. Genistein 

and equol inhibited the high capacity component of p-nitrophenol (CYP2E1 

substrate) metab. m liver microsomes from acetone-induced mice with IC50 

TclTW ^ PP m? X ' T 1 T °- mM ^ d 560 - mU - M ' r6Sp - (cf - diethyldithiocarbamate, 
IC50 69 .mu.M). Using human CYP2E1 from a specific expression system 
(which overcame multienzyme involvement in the rodent system) 
non-competitive inhibition was also seen with both isof lavonoids 
Genzstem and equol also inhibited the high capacity component of 
ethoxyresorufin (CYP1A substrate) metab. in liver microsomes 
from .beta . -naphthof lavone-induced mice with IC50 values of 5 . 6 mM and 1 7 
?r; m T^ - al P ha -- na P hthof lavone, IC50 0.8. mu . M) . Using human CYP1A2 

from a specific expression system, noncompetitive inhibition was seen with 
both isof lavonoids. CYPlAl inhibition offers a possible explanation for 
the chemopreventive effect of genistein against, for example, 
dimethylbenz [a] anthracene genotoxicity reported in animals but the IC50 
values negate the relevance of this specific chemopreventive action at the 
levels likely to be achieved from the human diet 
chemoprevention genotoxicity isof lavonoid; genistein 

^H°h??' City ^emoprevention; equol genotoxicity chemoprevention; metab 
inhibition cell line genistein equol 
Animal cell line 

(CYP 1A and 2E1; inhibition of mouse and human 

CYP lA-and 2E1 -dependent substrate metab. by the 

isof lavonoids genistein and equol) 
Genotoxicity 
Metabolism, animal 

(inhibition of mouse and human CYP lA-and 

and " equol ^ SUbstrate metab - by the isof lavonoids genistein , (\ l\ 

Isof lavonoids 




S,U BAC (B i° lo 9i<ral activity or effector, except adverse); BSU (Biological 
study, unclassified) ; BIOL (Biological study) y 
(inhibition of mouse and human CYP lA-and 

and"equoi? ent SUbStrate metab ' by the isof lavonoids genistein 
Microsome 

(liver; inhibition of mouse and human CYP lA-and 
and"eqSoi? ent SUbStrate metab - by the isof lavonoids genistein 
9035-51-2, Cytochrome P 450, biological studies 

RL: BAC (Biological activity or effector, except adverse); BPR (Biological 
PROC 6 (Process) (Bi0l ° 9iCal ^ ' UnclaSsif ied > " BIOL (Biological study^' 
(inhibition of mouse and human CYP lA-and 

and" equol ? 6nt SUbStrate metab " by the isof lavonoids genistein 
446-72-0, Genistein 531-95-3, Equol 

RL: BAC (Biological activity or effector, except adverse); BSU (Bioloqical 
study, unclassified) ; BIOL (Biological study) biological 
(inhibition of mouse and human CYP lA-and 

2El-dependent substrate metab. by the isof lavonoids genistein 
ana equol) 

100-02-7, p-Nitrophenol, biological studies 

mioC^!? 01 ^? 1 ^ C ^ S); BSU (Biol °9 ic *l ^udy, unclassified); BIOL 
(Biological study) ; PROC (Process) 

(inhibition of mouse and human CYP lA-and 

2El-dependent substrate metab. by the isof lavonoids genistein 
ana equol ) 

Inhibition of mouse and human CYP lA-and 2E1 -dependent 



substrate metabolism by the isof lavonoids genistein and equol 
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Antzmutagenicity of flavones and flavonols to heterocyclic amines bv 
lA e famny and Str ° n9 inhibition of the cytochrome P450 Y 
Quercetin 153-18-4, Rutin 154-23-4, Catechin 
Gemstein 480-16-0, Morin 480-19-3, Isorhamnetin 

?9 S 0 in 4Z n'T 41 ' 1 ' * arin 9 enin 486-66-8, Daidzein 487-26-3, 
520 i"J ^ V P1C f "J" 491 " 67 - 8 ' Baicalein 491-70-3, 
tlo'^ * aem P fero1 520-33-2, Hesperetin 520-36-5, 
522-12-3, Quercitrin 525-82-6, Flavone 528-48-3 Fisetin 

ET£ ,^ 4 c" 83 " 4 ' Galan9in 552 -58-9, Eriodictyol 

Daidzin 577-85-5, Flavonol 578-74-5, Apigetrin 855-97-0 

'f^ 9allatS 970 - 74 " 1 ' Epigallocatechin 1061-93 4 
biological st'aL 97 - 8 3681 -"-°' 9W ~^' ^ochrome *50, 

RL: BAC (Biological activity or effector, except adverse) 
study, unclassified) ; BIOL (Biological study) 

(^mutagenicity of flavones and flavonols to heterocyclic amines bv 
specific and strong inhibition of cytochrome P 450 1A family? Y 
^mutagenicity of flavones and flavonols to heterocyclic amines by 
specify and strong inhibition of the cytochrome P450 Y 



117-39-5, 

446-72-0, 

480-40-0, 

Flavanone 

Luteolin 

Apigenin 

529-44-2, 

552-66-9, 

863-03-6, 

1064-06-8 



BSU (Biological 
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AB A series of homoisof lavonoids and chalcones, isolated from the endemic 

tropical plant Dracaena cinnabari Balf. (Agavaceae) , were tested for their 
potential to inhibit cytochrome P 4501A (CYP1A) enzymes and 
Fe-enhanced in vitro peroxidn. of microsomal lipids in C57B1/6 mouse 
liver. The effects of the polyphenolic compds . were compared with those 
of prototypal flavonoid modulators of CYP1A and the well-known 
antioxidant, butylated hydroxytoluene . 2 -Hydroxychalcone and partly 
4,6-dihydroxychalcone were found to be strong inhibitors of CYP1A 
-dependent 7-ethoxyresoruf in O-deethylase (EROD) activity in vitro 
comparable to the effects of quercetin and chrysin. The first 
screening of flavonoids and chalcones of Dracaena cinnabari for 
antioxidant activity was done in an in vitro microsomal peroxidn. assay 
While chalcones were shown to be poor antioxidants, 7 , 8 -methylenedioxy-3 (4 - 
hydroxybenzyl) chromane, as one of the tested homoisof lavonoids , exhibited 
a strong antioxidant activity comparable to that of the strongest flavonol 
antioxidant, quercetin. 

IT 94-41-7D, chalcone, derivs . 117-39-5, Quercetin 480-40-0 

Chrysin 548-83-4, Galangin 644-78-0, 2 -Hydroxychalcone 6665-86-7 
7-Hydroxyflavone 25515-43-9 148461-99-8 148462-00-4 361160-32-9 
361160-34-1 361160-37-4 361160-39-6 

RL: BAC (Biological activity or effector, except adverse); BSU (Bioloqical 
(Uses) Unclassif ied) ; THU (Therapeutic use); BIOL (Biological study) ; USES 

(chemoprotective potentials of homoisof lavonoids and chalcones of 
Dracaena cinnabari in relation to modulations of drug-metabolizinq 
enzymes and antioxidant activity) 
IT 332859-78-6, cytochrome CYP1A 

RL: BPR (Biological process); BSU (Biological study, unclassified); BIOL ^ 
(Biological study) ; PROC (Process) /\ 
(chemoprotective potentials of homnisnfl 



TI 



(chemoprotective potentials of homoisof lavonoids and chalcones of 
Dracaena cinnabari in relation to modulations of drug-metabolizinq 
enzymes and antioxidant activity) 
Chemoprotective potentials of homoisof lavonoids and chalcones of Dracaena 
cinnabari: modulations of drug-metabolizing enzymes and antioxidant 
activity 
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TI Inhibition of benzo [a] pyrene-induced cytotoxicity and cytochrome 

P450 1A activity by dietary flavonoids in human liver 

cell model: structure-activity relationship 
AB JS 1 ?^^" ° f benzo [a] pyrene (B [a] P) -induced cytotoxicity and cytochrome P 

450 1A (CYP 1A) activity by flavonoids (1-100 .mu M) 

was examd. in terms of the structure -activity relationship in the human 
liver-derived cell model (HepG2) . Two hydroxyl groups in the 5- and 
7-position of flavonoids were essential to inhibit B [a] P- induced 
cytotoxicity. Generally, flavones (IC50; 5.0-17.2 .mu.M) were more potent 
than the corresponding flavonols (IC50; 42.7-131.8 .mu.M), and flavonoids 
such as apigenin (IC50; 7.2 .mu.M) were more active than the corresponding 
isof lavonoids, genistein (IC50; 61.7 .mu.M). The planar 
structure of flavone proved to be important in inhibiting B [a] P-induced 
toxicity and CYP 1A activity. The inhibitory effect 
of flavonoids on B [a] P-induced CYP 1A activity was 

correlated well with the inhibition of B [a] P- induced cytotoxicity (r = 
0.635,p<0.01). 
IT 117-39-5, Quercetin 153-18-4, Rutin 154-23-4, Catechin 
446-72-0, Genistein 480-18-2, Taxifolin 480-19-3 
Isorhamnetin 480-41-1, Naringenin 480-44-4, Acacetin 486-66-8 
Daidzein 491-70-3, Luteolin 520-18-3, Kaempferol 520-27-4, Diosmin 
ll°'l 6 ~ 5 ' £ P19e ?t n 525 - 82 " 6 < Flavone 970-74-1, Epigallo catechin 
989-51-5, Epigallo catechin gallate 10236-47-2, Naringin 

RL: BAC (Biological activity or effector, except adverse); BSU (Bioloqical 
study, unclassified) ; BIOL (Biological study) 

(inhibition of benzopyrene- induced cytotoxicity and cytochrome P 450 1A 



activity by dietary flavonoids in human liver cell model) 
Inhibition of benzo [a] pyrene- induced cytotoxicity and cytochrome 
P450 1A activity by dietary flavonoids in human liver 
cell model: structure-acti 



L12 ANSWER 5 OF 14 CAPLUS COPYRIGHT 2 0 02 ACS 

AB The authors examd. the effects of several agents, including dietary 
flavonoids, on CYP1A1 expression utilizing a recently developed 
high- throughput screening system for assessing human cytochrome P 450 
(CYP) induction. HepG2 cells, stably integrated with regulatory regions 
of human CYP1A1, were treated with resveratrol, apigenin, curcumin 
kaempferol, green tea ext. (GTE) , ( - ) -epigallocatechin gallate (EGCG) 
quercetin, and naringenin. Of these flavonoids, resveratrol 
Pf° duc ed the -greatest increase ^ CYP1A1 -mediated luciferase activity 
(10-fold), whereas GTE, apigenin, curcumin, and kaempferol produced 2- to 
^ f ° ld ^™ SSS in activi ty- Compared with 2 , 3 , 7 , 8 -tetrachlorodibenzo-p- 
dioxin (TCDD), omeprazole, or benzanthracene, where increases in 
luciferase activity ranged from 12- to 35-fold, these flavonoids exhibited 
weak agonist activity. The remaining compds . , EGCG, quercetin 
^ dnar ^ ngenin ' P^duced negligible effects. Cotreatment of cells with 
TCDD and GTE, naringenin, and apigenin resulted in 58, 77, and 74% redns 
^Mh'/ n T ™: m f iated CYP1A1 induction, indicating that these flavonoids 
exhibit potential antagonist activity toward the aryl hydrocarbon (Ah) 
receptor Furthermore, results also suggest that GTE and apigenin possess 
Ah receptor antagonist and weak agonist activities. Thus, the authors 
showed that a 96-well plate assay allowing high-throughput screening for P 
450 induction in less than 24 h was efficient in detg. the effects of 
flavonoids on human CYP1A expression. Signal-to-noise ratios 
were low, and well-to-well and replicate variability was below 10% 

Jn^S " n ^ Cti °?' t K 6aSily detected in this system. These features 
illustrate the reliability and feasibility of this high-vol. screening 

III ld ^fi f y in 9 CYP inducers. Furthermore, results produced with 

the stable cell line were corroborated in HepG2 cells and primary cultures 
of human hepatocytes, suggesting that stably integrated cell lines 
harboring enhancer elements of P 450 genes may be highly conducive to 
high-throughput screening. 

IT lll'll'l' Quercetin 458-37-7, Curcumin 480-41-1, Naringenin , 
o«J1?~?' ff v ^ ratr °l 520-18-3, Kaempferol 520-36-5, Apigen\\ 
989-51-5, (-) -Epigallocatechin gallate Aj\ 
RL: BAC (Biological activity or effector, except adverse); BS&x (Bi\loqical 
study, unclassified); BIOL (Biological study) A ?0 VBi T°9 lcai 

(high-vol. screening procedure to assess effects of di4tlry flavonoids 
on human CYP1A1 expression) ^ y Lxavonoias 

TI The use of a high-volume screening procedure to assess the effects of 
dietary flavonoids on human CYP1A1 expression 
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TI Induction of rat liver cytochrome P 450 isoenzymes CYP 

1A and CYP 2B by different fungicides, nitrofurans and 

quercetin 

AB The genotoxic activity of environmental xenobiotics is manifested either 

m their direct interaction with cellular genetic material or in provoking 

secondary events, among which reactive oxygen species (ROS) prodn is a 

common phenomenon. Both pathways can be mediated by the activity of the 

cytochrome P 450 monooxygenase system. The authors studied the induction 

of the CYP 1A or CYP 2B monooxygenases in rat liver by 

the fungicides: thiram, captan, captafol, and dodine and the druqs- 

mtrofurazone and furazolidone and the plant flavonoid: quercetin 

. A cytochrome P 450 induction assay (CYPIA test) was used. S9 prepd 

from the livers of rats treated with the test compds . were used to 

activate ethidium bromide (EtBr) (CYP 1A isoenzyme) or 

cyclophosphamide (CPA) (CYP 2B isoenzyme) in the Ames test. It was found 
that among the tested compds., the most potent inducer of CYP 
1A was furazolidone (3. times. 80 mg/kg). Less potent was thiram 
(l.times. 100 mg/kg), as well as quercetin (3. times. 80 mg/kq) 
and captafol (l.times. 30 mg/kg). On the other hand, thiram (i times 100 
mg/kg , captafol (l.times. 30 mg/kg), and quercetin (3. times. 80 
mg/kg) were most potent in the CYP 2B isoenzyme induction, while 
furazolidone (3. times. 80 mg/kg), and nitrof urazone (3. times. 80 mg/kq) 
appeared to be less potent in this respect. Captan and dodine (3. times 
80 mg/kg) did not affect the activity of any of the cytochrome P 450 
isoenzymes. 

ST liver cytochrome P 450 isoenzyme induction fungicide nitrofuran 

quercetin 
IT Fungicides 

Genotoxicity 

Liver 

(induction of liver cytochrome P 450 isoenzymes CYP 
1A and CYP 2B by different fungicides and nitrofurans and 
quercetin) 

IT 50-18-0, Cyclophosphamide 1239-45-8, Ethidium bromide 

*qtt tS V n (Ad Y e " e effect ' including toxicity); BPR (Biological process); 
BSU (Biological study, unclassified); BIOL (Biological study); PROC 
(Process) 11 

(induction of liver cytochrome P 450 isoenzymes CYP 

1A and CYP 2B by different fungicides and nitrofurans and 

quercetin) 

" PT 328 ^; 7 /. 6 % Cyt ° C ^ r0me P 450 1A 334 677-51-9, Cytochrome P 450 2B 

RL: BAC (Biological activity or effector, except adverse); BPR (Bioloqical 

PR^(ProcesV ^ UnclaSSif ied ^ BIOL (Biological study" 

(induction of liver cytochrome P 450 isoenzymes CYP 
1A and CYP 2B by different fungicides and nitrofurans and 
quercetin) 

IT 59-87-0, Nitrofurazone 67-45-8, Furazolidone 117-39-5 

Quercetin 133-06-2, Captan 137-26-8, Thiram 2425-06-1 
Captafol 2439-10-3, Dodine 

RL: BAC (Biological activity or effector, except adverse); BSU (Bioloqical 
study, unclassified); BIOL (Biological study) biological 
(induction of liver cytochrome P 450 isoenzymes CYP 
1A and CYP 2B by different fungicides and nitrofurans and 
quercetin) 

TI Induction of rat liver cytochrome P 450 isoenzymes CYP 
1A and CYP 2B by different fungicides, nitrofurans, and 
quercetin 
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Brief Summary Text (126) : 

Sn^n^? 16 ' anti : skin trophy and skin repair actives can be effective in 
the e £n d sirabie JS^e'SnSlt^™ 1 ^ a -- S ^eSl y rov.de 

of desquamation. NonUmlting examples of °anH S? ■ main f inin 9 the natural process 
include retinoic acid anS i? s derivative, ^ ^ antl " skin at ™phy actives 

retinyl^it^s^uch as re tiny 1 acetate rJ^V tranS> ; retina1 ' retinol; 

vitamin B.sub.3 compounds such Is Tacil™ de and TcolV ^ P ro ^^ 
and derivatives thereof (such as t or^n^T f n . 10 3Cld) ' sali cylic acid 

acid, and 4-methoxy Sicylic a , con^ ^P**^ 4 salicylic 

derivatives and salts oarticulaifvVS m ur ~ c ° n * a ^ nin 9 and L amino acids and their 

alkoxyn benzoic and deri^tiS ak d iv f r? M SSterS; alko *y alk °*Y 

ICI, located in WUminqcon Del i • ^ '' k RLAM0L GE °-™" < ava il a ble from 

bertholletia extra fw'r' azaleic acid; benzoic acid derivatives; 
uercnoiietia extracts; betulmic acid; BIOCHANIN A AND BIOPEPTIDF PT ( ava i =ki 4= 
Sederma, located in Brooklyn, N.Y.); BIOPEPTIDE EL (av.n.hi! f o j avai l able from 
blackberry bark extract; blackberry lily extracts I J Sederma) ' bioti *; 

extract; butanoyl betulinic ,r?rt pjj 7 extracts; black cohosh extract; blue cohesh 
chalcones; citric acid esters rLlt rb ° Xymeth y 1 1 ' 3 beta Silucan; catecholamnines ; 

Sederma); FIBROSTI^lines s and P Uvllt^Tf ^IT ™ STIL (available from 
(available from Laboratories SerobiSSiqSes) ^for" A; ^Sy^f ^ 

SEEi.! 'ioca^ed' inlriesfTrance) 0 -™ ^(avaiiSe from 

gentisyl alcohol; gingko Mlboa extracts ^^T^' ? enistei ™' 9enistic acid; 
R. sub. 6-1, R. sub 6-2 s 6 t a t ; gmseng extracts; ginsenoside (RO, 

R.sub G-l R sub ' G I') R ^ Ub - 6 " 3 ' R -Sub.C, R.sub.D, R.sub.E, R.sub.F, R.sub.F-2 

L-2-OXO: t hi2oli^?J.M r ^ufi!J^/ ame f ^oducts); kinetin; kohki extract; 



i 



_J I Generate Collection 

L5: Entry 2 of 43 Flle: uspT 



DOCUMENT- IDENTIFIER: US 6465709 Bl 
TITLE: Exothermic bandage 



Oct 15, 2002 



Detailed Description Text (16) • 

limited to na^ingenin, quercetiiT^ifhina L 7 ? f i lavonoids include but not 
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Brief Summary Text (24) • 

preferably doxorubicin, 4 ' -epi doxorubicin J ^ a ,2 P min ° group ' 

preferably selected fro. the'group^co^Jis.ng et OP ^J^ 5 ^" ^ * 

"^ItZn^ v.ndes.ne, 
muscarine ? ^S^tS^e SSSiJc'/-^ 1 -" 18 ' fen ° terol < Balbutamol, 
5-fluorocytidine TfkSr 5 5 ™t-h i ' P*" 11 " 03 * 11 ^ 1 ^ acid, 5 -f luorouracil , 
4-methylaminophenazone SSShimnT S??3™- e ' dlclofenac < "ufenamic acid, 
ca m pto hecin, V MS r [a o I ! J P ; ne : mitomycin C, mitoxantrone , 

cisplatin, melphaLn",' bleomycin ni rogen^u^ a^d" ' h CyC ;° Ph ° S ? amide ' ~chelmycin, 
aenistein, erbstatin, tyrphLtin, roSc^irde^^tKr^ 0 ^ 1 " 6 mUStard ' ^cetin, 
^l*^ ^ ^hydroxy ! -methyl, - piper i 

ester, DMSO, aclacinomycin? progesterone buseffffn^ ""-i bUtyriC 3Cid ' ph ° rbo1 

p^^ 

reserpine, methyl 18-0- 3 ? n?™^ ^ideoxyf orskolm, quinine, quinidine, 
buthiLine-sulfoximlne diethyl d^^T ~ 4 "^^benzoyl, rese rpate, lonidamine 

orciprenalina °" P reAaSe , B """"T 1 ' f """inophenazone , muskosiaa, 

s^s;s d „; ^^us^^\^°^. 

Brief Summary Text (41) • 

inSic^'L^^cer'caf ^I&S^.V'V* ^T* °" * ^olysis, 
which the drug P is a SJrScSScS^S o^Sfo?" t^f 1 ? 1 ^Y^' ^ 

-n1ne Ci ^^ 

-Sional^ - Ej ^ 

down tumor growth in which the drua i t ^ ^ ' , miB ° ° r lmin ° 9rOU P s and sl °^ 

an antimetaLlite! in wniS the drug* 5- uoroulacir^ir ' " WMCh the ^ is 

idarubicin, epirubicin or mitoxantrot ^V*! drUg is do *°rubicin, daunomycin, 

I+II. in which the d^ug is 1 « which the drug inhibits topoisomerase 

tubulin inhibitor, in h h h d ! 'v ^ ^ M ~ AMSA ' " WMch the drug is a 

nocodazole, colchicine t p s 9 £ wMcn^h H ' Vlnblastine < vindesine, tlxol, 

which the drug is cyclophosphamide 'm co^ n C racheimvcin ^iSf j? 9 ^ 
fNSK^chlor^th^; r h P 5 alan ' ble ° mycL ' ^ro^mu^d SPlatl "' 
calicn:imic?n° r dyne h m li^T^^' ^ ^ h the dru * is neocarcinostatin, 
inactivates riboLmes in which the drua i q " ^ ^ drU9 iS 3 com P°^ which 
tyrosine phosphokinase inhibitor in which" theT^ 1 * A ' WMch the drUg is a 
erbstatin, ty rp hostin or rohitu^n^rtSive 6 ^ich^^^'lf^^ 
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iitl" MSo'oracUcJ^vcin^jfi^ 11 ^ 9 ^^^^ ""Vric acid, phorbo! 

pleiotropic resiS Trn ^ S substance which alters the 

in f ich P the , r n g P^ote^r^Sase'dnh M oc^if^icn ^SliV"""'"' 

MAh Ki67 in the cell nucleus of L , V rollf e ^ tlo n-associated protein defined by 

substance which hal , ilu^suppleslan TlffTclTln whic^ ^ ^ the ^ is a 
immunosuppressant, in which the iff 2^ i s ^ e dru 9 13 a standard 

cyclosporins A, rapamycin FK 506 in whth ,1 « ' ln WhlCh the dru 9 is 
cyclophosphamide or chorambual In wniS S ^ drU9 13 a2athio P™, methotrexate, 
anuinflammatory effect in which ?J H 9 " 3 substance which has an 

substance, in which the u V o V' 3 non - steroi dal anuinflammatory 
is a steroid, in which the Irup is a ^h^ 9 an ^ eumatic drug, in which the drug 
or antipyretic effect" in'whS ^drug* iTT^ttl !,f iinf la ™ at -y ; -algesfc 
which the dru q is a non-acidir ana i^o / \ • ff lvatlve of an organic acid, in 
is oxyphenbutazone in which the druo t^ff lammat °^ a 9 ent ' in which the drug 
antiarrhythmic, in which the druo 9 a ?a! + an ?J anSS ! hetic < in whi ^ the drug is an 
antihistamine, in which the d™ il L t't I agoniSt < ln which the drug is an 
drug is a parasympathetic in which thelruo" is / hoS P h °diesterase , in which the 
the drug is a substance with an ?„h?wf « 9 sympathomimetic or in which 

compound in which the mniDitory effect on human urokinase; and moreover 
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dysfunctL rmaCeUtiCal C ™*° S ^°™ the treatment of diabetic .ale sexual 



Detail ed Description Paragraph Table (l) : 

— — — — . . Constituents Chemicals Active Compound 

Daidzein, (c alculated as and their ni J °?" ggHistein^ 4 5 mg phytoestrogens 
Phosphatidyl choline 200 a %™ glycosides free aglycon form) Lecithin 
soybean (SitoSery? ! D -« ucosiSeT DamSa ^sterol Beta-sitosterol 10 mg from 

Calcium carbonate rSO 



Detailed Description Paragraph Table (2) 



Constituents Chemicals Active Compound 
Soybean Genistei n, 60 mg phytoestrogens 



Zinc sulfate 80 mg — — «u mg magnesium Magnesium oxide 500 mg Zinc 
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by human 



ME McManus, WM Burgess, ME Veronese, A Huggett, LC Quattrochi and RH Tukev 

Department of Clinical Pharmacology, School of Medicine, Flinders University of Soutl Au«dI r d L. 

The , h™ P-450 CYP, A, gene and a P450IA2 commentary DNA have been expressed in Cos-, 
ells and the expressed prote.ns were assayed for their capacity to metabolize the carcinogens 
2-acetylaminofluorene (AAF), benzo(a)pyrene, 2-amino-3-methylimidazo[4,5-fJquinoline (IQ) 

(P IP) was detuned. The expressed human P450IA, and P450IA2 proteins, when ru on a 5% 
sod.um dodecy su.fate-po.yacry.amtde gel, migrated with different mobilities, with the foler 
d.splaymg the lower molecular weight. In human liver microsomes from 1 8 subjects, only a protein band 
correspondtng to P450IA2 was detectab,e. Cos-, ce,,-expressed P450IA1 and P450IA2 
N-hyd.oxy.at.ng AAF and these act.vities were inhib.ted by aJpha-naphthoflavone. In human liver 
m.crosomes, a correlation of r - 0.76 (P less than 0.05; n - 18) was obtained between AAF 
N-hy roxy.ase activity and P450IA2 content. AAF N-hydroxylase activity of human liver microsomes 
was a so strongly mhtbited by alpha-naphthoflavone. Except in the case of PhIP, where both p o ems 
exited ,m. ar act.v.t.es, P450IA2 was at .east an order of magnitude more efficient than P45 " in 
act.vatmg IQ, 2-ammo-3,4-dimethylimidazo[4,5-fJquinoline 
2-amino-3,8-dimethy.imidazo[4,5-nquinoxa.i 

to mutagens as measured ,n the Ames test. Statistically significant correlations were o t med betwee O 
act.at.on and P450IA2 content (r = 0.75, r2 - 0.56) and Ph,P activation and P450IA2 content (r ! 0 , 
- - 0.5 ,n human l.ver m.crosomes. The activation of both IQ and PhIP by expressed proteins and ' ' 
human hver m.crosomes was strongly inhibited by a.pha-naphthoflavone. The above data suggest a 
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major role for P450IA2 in activation (N-hydroxylation) of aromatic amides and amines in human liver. 
When benzo(a)pyrene hydroxylase activity was determined, only Cos-1 cell-expressed P450IA1 
exhibited appreciable activity. While alpha-naphthoflavone inhibited Cos-1 cell-expressed P450IA1 
benzo(a)pyrene hydroxylase activity, it caused a marked stimulation of this activity in human liver 
microsomes, which lack P450IAI protein. The lack of a role for P450IA proteins in benzo(a)pyrene 
metabolism is further supported by the poor correlation (r = 0.43, P greater than 0.05) between this 
activity and P450IA2 content of human liver microsomes. However, when P450IIIA3 content of the 
above human liver microsomes was determined by using the Western blot technique and correlated with 
benzo(a)pyrene metabolism, an r value of 0.70 (P less than 0.5) was obtained. These data suggest that 
human P4501IIA proteins are involved in benzo(a)pyrene metabolism. 
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► Abstract 

Cytochrome P450 (CYP) and uridine diphosphate glucuronosyltransferase 
(UGT) isoenzymes involved in riluzole oxidation and glucuronidation were 
characterized in (1) kinetic studies with human hepatic microsomes and 
.soenzyme-selective probes and (2) metabolic studies with genetically 
expressed human CYP isoenzymes from transfected B-lymphoblastoid and 

yeast cells. In vitro incubation of ['^riluzole (15 ,M) with human hepatic microsomes and NADPH o, 
UDPGA cofactors resulted ,„ formation of N-hydroxyriluzole (K„, = 30 uM) or an unidentified 
glucuroconjugate (K„ = 118 uM). Human microsomal ri.uzole N-hydroxylation was most strongly 
.nh,b,ted bytheCYPlA2 inhibitor ^-naphthoflavon ^^ - Q, 42 uM). Hu man CYP1 A2-expressin g 
yeast microsomes generated N-hydroxyriluzole, whereas human CYP 1 A Expressing yeast microsomes 
generated N-hydroxyri.uzole, two additional hydroxylated derivatives and an O-dealkylated derivTe 
CYP1 A2 was the only genetically expressed human P450 isoenzyme in B-lymphoblastoid microsomes 
o metabohze nluzo.e. Riluzole glucuronidation was inhibited most potently by propofol, a substr f r 

of nluzole (15 uM) was weakly inhibited by amitriptyline, diclofenac, diazepam, nicergoline 
clomipramine, im.pramine, quinine and enoxacin (IC 50 * 200-500 uM) and cimetidine 
(IC = 940 uM). Riluzole (1 and 10 uM) produced a weak, concentration-dependent inhibition of 
CYP A2 activity and showed competitive inhibition of methoxyresorufm O-demethylase. Thus riluzole 
« predominantly metabolized by CYP1 A2 in human hepatic microsomes to N-hydroxyri.uzo.e; 
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extrahepatic CYP1 AI can also be responsible for the formation of several other metabolites. Direct 
gluciironidation is a relatively minor metabolic route. In vivo, riluzole is unlikely to exhibit significant 
pharmacokinetic drug interaction with coadministered drugs that undergo phase I metabolism. 
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Riluzole 1 [2-amino-6-(trifluoromethoxy)benzothiazole], a novel 
antiglutamate agent with neuroprotective properties in animal models of 
neurodegenerative disease (Doble, 19963), has been shown to prolong 
survival in patients with ALS (Bensimon et ai, 1994S; Lacomblez et ai, 
1 9963). After oral administration to humans, the drug is almost completely 

absorbed, undergoes limited f.rst-pass metabolism and is excreted predominantly via the urine in the 
form of metabolites resulting from phase I and II metabolism. 2 ^ 

Characterization of the CYP isoenzymes responsible for the metabolism of riluzole is of importance in 
assessing the likelihood of pharmacokinetic variability due to genetic polymorphism and differential 
regulation and in identifying potential drug interactions. In the present study, the in vitro oxidative 
metabolism and glucuronidation of riluzole were investigated using human hepatic microsomes. Identity 
of the CYP isoenzymes involved in riluzole biotransformation was established using genetically 
expressed human CYP isoenzymes from transfected cell lines and yeast and isoenzyme-selective 
inhibitory probes. Similarly, pathways of hepatic microsomal glucuronidation of riluzole were 
investigated with known inhibitors/substrates of UGT isoenzymes. To identify potential metabolic drug 
interactions, the effects of known CYP substrates/inhibitors and frequently coadministered drugs on the 
hepatic microsomal oxidation of riluzole and, conversely, the effects of riluzole on specific human 
hepatic CYP-dependent drug metabolism reactions were determined. 

► Materials and Methods 

Chemicals 
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Riluzole, N-hydroxyriluzole (RPR 1 12512), 4-hydroxyriluzole (RP 65077), 
5-hydroxyriluzole (RP 65 1 1 0), 7-hydroxyriluzole (RP 6533 1 ) and 
2-amino-6-hydroxybenzothiazole (RPR 109792) were synthesized at the 
Centre de Recherche de Vitry/Alfortville, Rhone-Poulenc Rorer (France) and 
the Collegeville Chemical Processing Center, Rhone-Poulenc Rorer (Collegeville, PA). [ 14 C]Riluzole 
(radiochemical purity, >99%, specific activity, 56 mCi/mmol) was synthesized by the Service of Labeled 
Molecules of the Commissariat a 1'Energie Atomique (Gif-sur-Yvette, France). Aspirin, captopril 
diazepam, enoxacin, imipramine, metronidazole, nicergoline, paracetamol, pefloxacin, ranitidine and 
sparfloxac.n were obtained from Rhone-Poulenc Rorer. Baclofen, amitriptyline, amoxicillin, 
chlorpropamide, chlorzoxazone, cimetidine, clomipramine, coumarin, methoxyresorufm, nifedipine 
resorufln, theophylline, thiamine, tolbutamide, troleandomycin, aniline, isoniazid, a-naphthoflavone' 
reduced NADPH, UDPGA, sulfaphenazole, Brij-58, 1-naphthol, 4-methylumbelliferone, lithocholic' 
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acid, bilirubin, androsterone and P-estradiol were purchased from Sigma Chemical Co. (St. Louis, MO). 
Furafylline and S-mephenytoin were purchased from Ultrafine Chemicals (Manchester, UK); acetanilide 
and quinidine sulfate were obtained from E. Merck (Darmstadt, Germany); caffeine and quinine sulfate 
were from Prolabo (Paris, France); SR-mephenytoin was from Sandoz (Basel, Switzerland); 
ketoconazole was from Biomol Research Laboratories (Plymouth Meeting, PA) and bufuralol was from 
Gentest Corp. (Woburn, MA). All other reagents were purchased from commercial sources and were of 
analytical grade. 

Biological Materials 

Human liver samples and preparation of microsomes. Human liver samples were obtained from male 
and female organ transplant donors (Eurotransplant) or from surgery (Hopital Cochin, Paris, France). 
Microsomal fractions were prepared by differential ultracentrifugation. After tissue homogenization in 
20 mM TrisHCl buffer, pH 7.4, containing 0.15 M KG, the microsomal fraction was isolated from the 
supernatant of a 20-min 9000 * g spin by ultracentrifugation at 105,000 x g for 60 min. The microsomal 
precipitate was suspended in 100 mM potassium phosphate buffer, pH 7.4, and recentrifuged at 
1 05,000 x g for an additional 60 min. The final precipitate was resuspended in the phosphate buffer and 
stored at -80°C until required. A pool of human liver microsomes was also obtained from Human 
Biologies Inc. 

Microsomes from human B-lymphoblastoid cell lines genetically engineered to express human CYP 
isoenzymes CYP1 Al (batch M102B), CYP1 A2 (M103C), CYP2D6 (M105b), CYP2E1 (M106i) and 
CYP3A4 (M107d) were obtained from Gentest Corp. 

Yeast cells (Saccharomyces cerevisiae) genetically engineered to express human CYP isoenzymes 
(CY'Pl Al, CYP1 A2, CYP2C8, CYP2C9, CYP2C18, CYP3A4 and CYP3A5) and to overexpress yeast 
CYP450 reductase were obtained from CNRS (Gif-sur-Yvette, France) and INSERM (Paris, France), 
and microsomes were prepared from these cells at Rhone-Poulenc Rorer (Vitry-sur-Seine, France) as 
part of the Bioavenir Program. Microsomes from the same yeast strain but not expressing human CYP, 
were used as controls. 

Microsomal Incubation 

Riluzole biotransformation. Riluzole oxidation and glucuronidation were assayed by microsomal 
incubation of [ 14 C]-radiolabeled and unlabeled drug in the presence of the respective cofactors NADPH 
and UDPGA. For oxidative reactions, incubations with hepatic microsomes were performed with a 
suspension of hepatic microsomes (protein content, 2 mg/ml) in potassium phosphate buffer (0.1 M, pH 
7.4) containing NADPH (1 mM) and MgG 2 (10 mM). Lymphoblast B-cell microsomes were incubated 

in the same medium at a 0.5 mg/ml protein content, according to the supplier's instructions, resulting in 
final enzyme concentrations of 8, 18, 105, 38 and 17 pmol/ml for CYP1A1, CYP1A2, CYP2D6, 
CYP2E1 and CYP3A4, respectively. Yeast microsomes were incubated in Tris-HCl buffer (50 mM, pH 
7.4) containing EDTA (1 mM) and NADPH (1 mM) in the absence of cytochrome by For yeast 

microsome incubations, the final CYP450 content was 200 pmol/ml. For glucuronidation reactions, 
[ 14 C]riluzole(15 \iM) was incubated with a suspension of hepatic microsomes (protein content, 
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CYP2C9) (Knodell etal, 1987H; Veronese et al, 199 IS); coumarin-7-hydroxylation (a marker for 
CYP2A6) (Pearce et al, 1992H; Yun et al, 199 IE); and phenacetin O-deethylation (a marker for 
CYP1A2) (Distlerath et al, 1985B; Sattler et al, 1992E). Human hepatic microsomes were incubated 
with riluzole (1 and 10 |aM), and the various enzyme substrates at concentrations approximating or in 
excess of published K values. Parallel experiments were conducted with two human liver samples, and 

for each assay, analyses were performed in duplicate or triplicate with a NADPH- or 
gIucose-6-phosphate-free control to quantify nonenzymatic drug metabolism. All incubation mixtures 
were analyzed by high-performance liquid chromatography. 

The kinetic methoxyresorufm O-demethylation assay was performed on 96-well microplates in 200 |il of 
potassium phosphate buffer (75 mM, pH 7.64), 9 mM KC1 and 1.4 mM NADH at 37°C with 0.2 mg/ml 
human liver microsomes or 6.6 pmol/ml yeast-expressed CYP1 A2. Methoxyresorufm dissolved in 
DMSO and riluzole dissolved in methanol were added together to the incubation mixture, and the 
reaction was initiated by the addition of 500 \iM NADPH (final concentration). The final incubation 
mixture contained 0.5% (v/v) of both solvents. Methoxyresorufm concentrations were 0.1, 0.3, 0.5, 2 and 
5 |iiM. For each methoxyresorufm concentration, riluzole concentrations of 0, 3, 15, 30, 150 and 300 |iM 
were tested. Resorufin production was monitored continuously with fluorescence detection (excitation 
wavelength, 544 nm; emission wavelength, 590 nm) over 10 min using a LabSystems Fluoroscan II 
microplate spectrofluorometer controlled by Biolise software. Concentrations were calculated from a 
resorufin standard curve. 

Sample Analysis 

Analysis of riluzole metabolites was carried out by high-performance liquid chromatography with a 
Kontron 360 automatic sampler, a 420 solvent delivery pump, a Kontron 430 UV detector (265 nm) and 
a Berthold LB507A radiodetector equipped with a 500-jil flow cell. The system was controlled by a 
Kontron MT2 Datasystem. Separation was achieved on a Lichrocart 125 x 4-mm column with a 
Lichrocart 4 x 4-mm guard column, both packed with Lichrosphere 60 RP Select B 5-|um particles 
(Merck Clevenot). The mobile phase consisted of 10 mM K 2 HP0 4 /methanol/acetonitrile/glacial acetic 

acid (108:72:20:1 v/v/v/v), eluting at a flow rate of 1 ml/min. The flow rate of the scintillation fluid was 
3 ml/min, and the efficiency of the radiodetector cell was 77%. 

Standard riluzole samples were prepared in phosphate buffer and mixed with methanol/acetonitrile as for 
the incubation samples. UV detection of riluzole and its metabolites was linear over the concentration 
range of 1 to 1 000 |iM. The radiodetector, which was calibrated by comparing [ 14 C]riluzole peak areas 
with radioactivity counts in a Beckman LS 6000SC liquid scintillation counter, yielded linear detection 
over a concentration range of 1 .35 to 500 |iM. 

Data Analysis 

The kinetic parameters of riluzole metabolism [V max , apparent K m , K j and IC 5Q (defined as the inhibitor 

concentration reducing riluzole hydroxylation by 50%)] were calculated by iterative nonlinear regression 
analysis using GraFit Version 3.0 software. Intrinsic metabolic clearance (Cl m ) was calculated as 
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V mJ K „r Results are expressed as mean with S.E.M. 

► Results 

Riluzole Monooxidation 



Enzyme kinetics. [ I4 C]RiIuzole was metabolized in an NADPH-deoendent 
(monoox y gena S e-cata!yzed) manner on incubation with human hepadc 
microsomes resulting in the formation of the N - hydroxy lated derivative The 
mean rate of nluzole N-hydroxylation by hepatic microsomes from ' 
6 md.vidua.s was 138 ± 53 pmo./min/mg. The rate increased linearly with microsomal protein 

S max and % for metabolite formation are shown in table 1 . 
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Fig. 1. Enzyme kinetics of riluzole N-hydroxylation and 
glucuronidation by human hepatic microsomes and by yeast 
microsomes expressing human CYP1A isoenzymes. Top 
left, saturation curve for riluzole hydroxylation by human 
hepatic microsomes. Top right, saturation curve for riluzole 

S7fo n by yeaSt micros °™s expressing human 
LYP1 A2. Bottom right, saturation curve for riluzole 

hydroxylation by yeast microsomes expressing human 
CYP1 Al . Bottom left, saturation curve for riluzole 
glucuronidation by human hepatic microsomes. Insets 
Eadie-Hofstee transformations of the same data: saturation 
functions were obtained by fitting untransformed data to a 
simple M.chaelis-Menten function using iterative nonlinear 
regression analysis. 
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rztsj innibitor chlorzoxazone also weakly inhibited 



nup://jpct.aspetjouma]s.org/cg]7contcnt/fu]|/282/3/ 



riluzole N-hydroxy,a,io„ (36% i„ h i bition at , 00 p M; ^ . 287 , M) , M 01her mm{ors ^ 
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mepnenytom (a CYP2C1 9 substrate), ketoconazole and troleandomycin (CYP3A4 inhiWm w. , 
appreciable effect on riluzole N-hydroxylation ° rS) had n ° 



TABLE 2 " — 



On incubation of r 14 Clriluzole with ki a hdu „ ^ • 

B-lyrrtphoblastoid cel, K^Z^^T?" h ™ an Cy, ° Chr ° me 

, , .. ' n y arox y |a t'on was confined to those containing; CYP1 A2 with „ n 

metabohsm occurring with CYP1 A1-, CYP2D6-, CYP2E 1 - or CYP3A4 ront 
control microsomes In the n,e «f h„ - '^zti orCYP3A4-conta.n.ng microsomes or 

containing CYP A2 ^Z7m T V ^V™^ -Us, microsomes 

mg uypi A2 generated N-hydroxyr.luzole on incubation with r 14 Clrilu7ole wh m ■ 
containing CYP1 Al gave rise to the hvrimv«i a * w ^ ■ • «~jniuzole, whereas microsomes 

5-hydro^iluzole- ,be 0 d W Id der , , * N - hydro ^ ilu2ole . 4-hydmxyriluzole and 

7-hydr„x^lu Z „,e'(fi g 2^ Maximum ^'"^^^-'h-ole; and, ,o a lesser extent, 

TYPiAi „„ , ■ . g "' mUmrliuzoleblotrai ' sf °™ationrateswithCYPlA2-and 

25.7 an 6.2 pM, respective*. Yeast microsomes containing CYP3A4, CYP3A5 CYP2C8 CYP2C9 
CYP2C 1 8 and control microsomes did no, produce any detectable metabolite " 











"* ' "v " * r, » ■ ■"' <*«•*» *"* 




t \ 

'"sJ*/^"""" 







Fig. 2. Metabolic pathways involved in phase I 
biotransformation of riluzole. 
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N-hydroxylat.on. Intermediate inhibition (25-50%) was observed with theophylline, cimetidine, caffeine 
ranitidine and paracetamol, whereas minimal inhibition (<10%) was seen with thiamine, captopril 
pefloxacin, aspirin, amoxicillin, metronidazole, piracetam and baclofen at concentrations of 1 mM 
Sparfloxacin (>400 uM) had no effect on parent riluzole biotransformation but did reduce levels of 

c N omCT' lL,ZO,e ' SL ' SgeStinS tHat k reaCt dir£Ctly tHiS metab0,ite rather than with the P areilt 
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Effect of nluzole on P450 enzyme activities. Riluzole at 1 and 10 uM had a weak inhibitory effect on 
human hepatic microsomal CYP1 A2-mediated phenacetin O-deethylation, CYP2A6-mediated 
coumarm-7-hydroxylation, CYP2D6-mediated bufuralol-l-hydroxylation and CYP2E1 -mediated 
chlorzoxazone-6-hydroxylation (table 4). Only the effects on phenacetin O-deethylation and 
chlorzoxazone-6-hydroxylation were concentration dependent. Because riluzole is metabolized by the 
CYP1 A2 isoenzyme, we studied the inhibition kinetics of CYP1 A2-catalyzed 

methoxyresorufm-O-demethylation. Riluzole competitively inhibited methoxyresorufin-O-demethylation 
with an mh.bition constant (*,.) of 12. 1 ± 1 .5 uM in human liver microsomes and 1 6.7 ± 1 .4 uM in 
microsomes from CYP1 A2-expressing yeast (fig. 3). No appreciable or consistent inhibition of 

^vo!: 0 ^ 1 ^ t0lbutamide 4 - h ydroxylation, CYP2C19-catalyzed S-mephenytoin 4-hydroxylation 
oi LYP3A4-catalyzed nifedipine dehydrogenation was seen with riluzole. 
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Fig. 3. Inhibition by riluzole of methoxyresorufin 
O-demethylation by yeast microsomes expressing human 
CYP1 A2. Data are presented as Eadie-Hofstee 
transformations of saturation curves obtained in the presence 
of various concentrations of riluzole; saturation functions 
were obtained by fitting untransformed data to a simple 
Michaelis-Menten function using iterative nonlinear 
regression analysis. 



Riluzole Glucuronidation 



Enzyme kmet.cs. Riluzole was metabolised in an UDPGA-dependent (i.e., UGT catalyzed) manner on 
incubation with detergent-activated human hepatic microsomes, resulting in the formation of a single 
unidentified metabolite. The reaction followed normal single-enzyme Michaelis-Menten kinetics (fig 1 )• 
apparent Michaelis-Menten kinetic parameters V and * are shown in table 1 



max u //? 

Inhibition of riluzole glucuronidation 



Riluzole glucuronidation was inhibited in a concentration-dependent manner by preincubation with 
pioporol (IC 5Q - 18.7 uM), indicating the involvement of the UGT HP4 (UGT1.8/9) isoenzyme in this 
reaction (Ebner and Burchell, 1 993H). Maximum inhibition (70%) was seen with propofol 1 00 uM 
whereas less-marked inhibition was obtained with 100 uM estradiol (40% inhibition) 100 uM 
androsterone (38% inhibition), 1 00 uM lithocholic acid (37% inhibition), 50 uM bilirubin (28% 
inhibition) and 1 00 uM p-nitrophenol (23% inhibition). 

► Discussion 
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Two types of human hepatic enzyme are involved in the biotransformation of 
riluzole by the human liver in vitro: monooxygenases and 
UDP-glucuronosyltransferases. Quantitatively, monooxygenation is possibly 
the more important reaction because intrinsic clearance via this route was 
30-fold higher than that via direct glucuronidation. 

Riluzole N-hydroxylation was the only monooxygenase-mediated reaction observed with human hepatic 
microsomes. CYP1 A2 appears to be the main isoenzyme involved in this reaction, a conclusion that is 
based on the potent inhibition observed with the specific CYP1 A2 inhibitor o-naphthoflavone 
(1C 50 = 0.42 uM), the specific biotransformation noted with genetically expressed CYP1 A2 and the 
competitive inhibitory effect of riluzole on CYP1 A2-catalyzed methoxyresorufin O-demethylation The 
relatively weak inhibitory effect of the CYP1 A2 substrates caffeine and acetanilide on riluzole 
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N-hydroxylation may be attributed to the low affinity of these compounds for CYP1 A2 (K = 0.5 to 
1 .5 mM) (Grant a ai, 1987H) compared with that of riluzole (K m = 23 uM). Jn keeping with the present 
finding, the CYP I A2 isoenzyme has previously been shown to catalyze specifically the N-hydroxylation 
of many heterocyclic (aryl) amines in humans (Boobis et ai, 1 994H; Gonzalez and Idle, 1 9940) 
Because CYP 1 A2 seems to be the only CYP 1 A isoenzyme expressed in human liver (Gonzalez, 1 992H), 
it can be concluded that this is the major isoenzyme involved in the hepatic metabolism of riluzole. 
CYP1 A isoenzymes are readily induced in vivo by tobacco smoke (Guengerich and Shimada, 199 IB) 
Interestingly, increased riluzole clearance in smokers has been demonstrated in a recent population 
pharmacokinetic study of riluzole.- 

Possible extrahepatic metabolism of riluzole is suggested by the finding that microsomes of genetically 
engineered yeast cells expressing human CYP1 AI catalyzed the formation of several hydroxylated 
derivatives that have previously been identified in the urine of patients treated with riluzole .2 The 
CYP1 AI isoenzyme is expressed largely in extrahepatic tissue, such as the lung (Gonzalez, 1992H). 

Although the disparate effects of the various CYP2E1 substrates on riluzole N-hydroxylation appear 
somewhat contradictory (some inhibition occurring with chlorzoxazone, but not with aniline, isoniazid 
or/Miitrophenol), it should be noted that not all these substrates are highly specific for CYP2E1. Thus, 
although chlorzoxazone and p-nitrophenol share similarly high affinities (K m » 30 uM) for CYP2E1 ' 
(Peter et ai, 1991S; Tassaneeyakul et ai, 1993aH), chlorzoxazone is also metabolized by CYP1 A2 (Ono 
et ai , 1 9960). The lack of inhibitory effect of p-nitrophenol at concentrations as high as 1 mM and the 
absence of metabolism by CYP2E1 expressed in B-lymphoblastoid cells suggest that this isoenzyme 
does not play an appreciable role in riluzole oxidation. 

The use of in vitro systems such as human hepatic microsomes in drug-interaction studies is 
recommended for predicting the consequences of concurrent drug therapy (Peck et al 1 9930) As a 
substrate for specific P450 isoforms, riluzole has the potential to act as a competitive enzyme inhibitor 
and thereby alter the metabolism and pharmacokinetics of coadministered drugs that are also subject to 
phase I metabolism. Effectively, riluzole is a competitive inhibitor of CYP1 A2-catalyzed 
methoxyresorufin O-demethylation, with a K, value close to its K m value. At in vitro concentrations of 
1 and 1 0 uM, similar to or higher than those achieved therapeutically, 3 riluzole had a weak inhibitory 
effect on human hepatic microsomal CYP1 A2-, CYP2A6-, CYP2D6- and CYP2E1 -mediated oxidative 
drug metabolism. Apart from inhibition of methoxyresorufin O-demethylation, the most pronounced 
concentration-dependent inhibition (28%) was that of CYP2E1 -catalyzed 

chlorzoxazone-6-hydroxylation. However, as mentioned above, this inhibition probably reflects on 
CYP1 A2 as well as CYP2E1 . Inhibition by riluzole of microsomal CYP1 A2-catalyzed phenacetin 
O-deethylation is not unexpected given the evidence for the involvement of this isoenzyme in riluzole 
metabohsm. However, the weak inhibitory effect of riluzole suggests that it is unlikely to alter to any 
appreciable extent the hepatic clearance of drugs that are oxidized by the CYP system. 

Not surprisingly, known drug substrates of CYP1 A2, including enoxacin (Edwards et al 1 9880) 
cimetidine (Knodel. et ai, 19910), paracetamol (Raucy et ai, .9893), imipramine (Lemoine et al 1993 
0) and the methylxanthines caffeine and theophylline (Fuhre/ ai, 19920 Tassaneeyakul et al 1993b0) 
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had an inhibitory effect (IC 50 values > 400 uM) on riluzole N-hydroxylation. In contrast to enoxacin, 
and in keeping with their lack of effect on theophylline metabolism in vivo or in vitro (Edwards et al, 
1988S), the quinolones pefloxacin and sparfloxacin had no direct effect on riluzole hydroxylation. The 
inhibitory effect of cimetidine, a well known CYP inhibitor in vivo (Smith and Kendall, 1 988H) was 
comparatively weak (IC 50 = 937 uM). However, it has previously been noted that cimetidine inhibition 

can be underestimated in vitro, possibly because its interaction with CYP proceeds rather slowlv (Chang 
et a!., 1992H). J v & 

Although the enzymes responsible for clomipramine and amitriptyline metabolism have not been 
identified, both these tricyclic antidepressants are susceptible to interaction with fluvoxamine a potent 
CYP1 A2 inhibitor (Berchty al, 1991H; Brasen et al., 1993H). Moreover, both imipramine and 
amitriptyline have been shown to be mechanism-based inhibitors of CYP (Murray and Field, 19923), so 
an effect of these drugs on riluzole metabolism is not unexpected. 

For all the tested drugs, the IC 50 value was >1 4 times greater than the riluzole concentration (15 uM) in 
the incubate. Therefore, inhibition of riluzole metabolism appears a priori unlikely, but results from in 
vivo drug-interaction studies are required before it can be concluded that these agents effectively inhibit 
riluzole metabolism or alter its pharmacokinetics in humans. 

Knowledge of UGT isoenzymes and their substrate specificity is much more limited than is the case with 
the CYP system. Nevertheless, using genetically expressed enzymes, Ebner and Burchell (1993)0 
established that within the UGT I gene family, propofol is a specific substrate for UGT HP4 (UGT1.8/9) 
whereas 1-naphthol is more specific for UGT HP1 and bilirubin is specific for UGT HP2 and UGT HP3' 
Therefore, in view of the pronounced inhibitory effect of propofol and the minimal effect of 1-naphthol 
and bilirubin, riluzole conjugation is most likely to be mediated by the UGT HP4 isoenzyme. Although 
several other compounds, many of them substrates for UGT2 isoenzymes (androsterone, estradiol 
hthocholic acid), inhibited riluzole glucuronidation to varying extents, lack of substrate specificity and 
the low biotransformation rate of riluzole make it difficult to evaluate the significance of these findings. 

In conclusion, riluzole is predominantly metabolized by CYP1 A2 in human hepatic microsomes 
whereas extrahepatic CYP1 Al is also responsible for the formation of several human metabolites that 
are also observed in vivo. The fact that riluzole is a specific substrate for the CYP1 A2 isoenzyme, has a 
single oxidative metabolic pathway in the liver and is a nontoxic drug with low metabolic clearance in 
humans could make it an interesting candidate as an in vitro and in vivo probe. This is further 
demonstrated by the effect of tobacco use on riluzole clearance in patients with ALS. Direct 
glucuronidation is a relatively minor metabolic route and is catalyzed by UGT HP4. On the basis of in 
vitro findings, at therapeutic doses riluzole is unlikely to alter the pharmacokinetics of coadministered 
drugs that undergo phase I metabolism. Conversely, significant modification of the pharmacokinetics of 
riluzole by these drugs would not be anticipated in clinical practice, although this has yet to be 
confirmed. 
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The ability of modafinil to affect human hepatic cytochrome P450 (CYP) 
activities was examined in vitro. The potential for inhibition of CYP1 A2, 
CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4/5, 
and CYP4A9/1 1 by modafinil (5-250 \xM) was evaluated with pooled human 
liver microsomes. Modafinil exhibited minimal capacity to inhibit any CYP 
enzyme, except CYP2C19. Modafinil inhibited the 4'-hydroxylation of S-meptenytoin, a m^k^T 
substrate for CYP2C19, reversibly and competitively with a K { value of 39 jiM, which approximates the 
steady-state C max value of modafinil in human plasma at a dosage of 400 mg/day. No irreversible 
inhibition of any CYP enzyme was observed, and there was no evidence of metabolism-dependent 
inhibition. The potential for induction of CYP activity was evaluated by exposing primary cultures of 
human hepatocytes to modafinil (10-300 jiM). Microsomes were then prepared and assayed for 
CYP1 A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4/5 activities The 
mean activities of microsomal CYP1A2, CYP2B6, and CYP3A4/5 from modafinil-treated hepatocytes 
were higher (up to 2-fold) than those in the solvent-treated controls but were less than those produced by 
reference inducers of these enzymes. At high concentrations of modafinil (>100 jiM), the mean activity 
of CYP2C9 was decreased (up to 60%) relative to that in the solvent controls. Overall, modafinil was 
shown to have effects on human hepatic CYP1 A2, CYP2B6, CYP2C9, CYP2C19, and CYP3A4/5 
activities in vitro. Although effects obtained in vitro are not always predictive of effects in vivo, such 
results provide a rational basis for understanding drug-drug interactions that are observed clinically and 
for planning subsequent investigations. 
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► Introduction 



Modafinil (r//-2-[(diphenylmethyl)sulfinyl]acetamide; Fig. jj, a 
nonamphetamine-like wakefulness-promoting agent, has recently been 
approved in the United States, United Kingdom, and Ireland (under the 
tradename Provigil) for the treatment of excessive daytime sleepiness 
associated with narcolepsy. The compound, which was discovered by 
Laboratoire L. Lafon (Boivin et al., 1 993H), is already on the market in France (under the tradename 
Modiodal). 
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Fig. 1 . Structure of modafinil. 



View larger version (1 IK): 
[in this window] 
[in a new window] 



In clinical use, modafinil is likely to be administered in combination with other medications, and an 
understanding of the potential for drug-drug interactions is therefore very important. Such interactions 
could be pharmacokinetic or pharmacodynamic in nature, or both. The present study focused on potential 
pharmacokinetic interactions arising from inhibition or induction of cytochrome P450 drug-metabolizing 
enzymes by modafinil. 

In a previous in vitro study in primary human hepatocytes (Moachon et al., 1996E), modafinil was 
evaluated for its ability to induce the activities of cytochrome P450 enzymes, including ethoxyresorufin 
O-deethylase, pentoxyresorufin O-dealkylase, S-mephenytoin 4'-hydroxylase, dextromethorphan 
O-demethylase, nifedipine oxidase, and lauric acid hydroxylase. At concentrations (10 and/or 100 uM) 
approximating those achieved clinically, modafinil was found to induce ethoxyresorufin O-deethylase 
and nifedipine oxidase activities in human hepatocytes, although the extent of induction observed was 
less than that obtained in mice, rats, or dogs and less than those produced by known inducers of these 
cytochrome P450 enzymes. At the highest concentration tested (1000 uM), more pronounced changes 
were observed in the activities of ethoxyresorufin O-deethylase (increased), dextromethorphan 
O-demethylase (increased), and nifedipine oxidase (decreased) relative to those in the solvent-treated 
controls. The activity of S-mephenytoin 4'-hydroxylase was decreased at all concentrations of modafinil. 
The conclusion from this study was that ethoxyresorufin O-deethylase [cytochrome P450 (CYP) 2 1A] 
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and nifedipine oxidase (CYP3A) activities were slightly induced by modafinil, which also increased the 
activity of dextromethorphan demethylase (CYP2D6) at the highest concentration tested (1000 uJVI). 

Drawing definitive conclusions from these results was complicated by the substantial degree of 
intersubject variability that was observed and by the fact that modafinil was probably still present in the 
hepatocytes during the assay of enzymatic activities. In addition, the highest concentration tested 
(1000 uM) was substantially higher than the aqueous solubility of modafinil and was well above the 
concentration range obtained clinically (Wong et al., 1 999H). 

A second in vitro induction study in human hepatocytes was therefore conducted to test whether the 
earlier results could be confirmed in a different laboratory, using a somewhat different and extended 
experimental design. In addition, the ability of modafinil to inhibit cytochrome P450 enzymes was 
studied in vitro in human liver microsomes (HLMs). The results of these latter two in vitro studies form 
the basis for the present communication. 



► Materials and Methods 



Chemicals, Enzymes, and Antibodies. Modafinil was supplied by 
Cephalon, Inc. (West Chester, PA). Rifampin, cc-naphthoflavone, nicotine, 
quinidine, 4-methylpyrazole, ketoconazole, baccatin, and 8-methoxypsoraIen 
were purchased from Sigma Chemical Co. (St. Louis, MO). 
7-Ethoxy-4-trifluoromethylcoumarin (EFC) was obtained from Molecular 
Probes (Junction City, OR). Paclitaxel and 6a-hydroxypaclitaxel were 
obtained from Hauser Chemical Co. (Boulder, CO) and Gentest Corp. (Wobum, MA), respectively. 
S-Mephenytoin, (±)-4'-hydroxymephenytoin, and hydroxymethyltolbutamide were purchased from 
Ultrafine Chemicals (Manchester, England). Furafylline was obtained from Research Biochemicals Inc. 
(Natick, MA). Hexobarbital was purchased from Sterling-Winthrop (Rensselaer, NY). Sulfaphenazole 
was obtained from Ciba-Geigy Ltd. (Basel, Switzerland). Troleandomycin was obtained from Pfizer, Inc. 
(Brooklyn, NY). Sources of other chemicals, including culture media components, were as specified by 
Pearce et al. (1 996a)E and Madan et al. ( 1 999)H. 

HLMs (individual livers), previously assayed for their activities of cytochrome P450 enzymes, were 
provided by XenoTech, L.L.C. (Kansas City, KS). cDNA-expressed enzymes were purchased from 
Gentest Corp. (Wobum, MA). 

Purified polyclonal antibodies (rabbit-derived) for CYPI A1/CYP1 A2, for CYP2B6, and for 
CYP3A4/CYP3A5 and monoclonal antibodies (mouse-derived) for CYP2A6/CYP2C8/CYP2C19, used 
in Western immunoblotting analysis, were commercial products provided by XenoTech, L.L.C. 

Human Hepatocytes. Hepatocytes were isolated from human liver tissue obtained as surgical waste or 
from rejected donor livers via a modification of the two-step collagenase digestion method (Seglen et al., 
1 980H; Quistorff et al., 1 989B; LeCluyse et al., 1 996H). Briefly, human liver tissue was perfused with 
pH 7.4 buffer containing 118 mM NaCl, 4.7 mM KC1, 1.2 mM KH 2 P0 4 , 25 mM NaHC0 3 , 5.5 mM 
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glucose, and 0.5 mM EGTA, followed by the same buffer lacking EGTA but containing 1 .5 mM CaCl 2 
and 0.2-0.5 mg/ml collagenase. Viability (trypan blue exclusion) was >70% for all preparations used. 

Enzyme Inhibition. Direct inhibition. 

Modafinil was incubated with HLMs (pool of seven subjects) at concentrations up to 250 uM. 

Significantly higher concentrations could not be tested due to the limited aqueous solubility of the 

compound. Modafinil was added in DMSO (final concentration, 0.1%), except for assay of CYP2E1, 

which is strongly inhibited by DMSO. For CYP2E1, modafinil was dissolved directly in the buffer 
mixture. 

The substrates used for each enzyme and the concentrations tested (representing KJ2, £ and AK ) are 

presented in Table J_. A reference inhibitor for each enzyme, when available, was also included as a 
positive control. 



TABLE 1 

View this table: Summary of the cytochrome P450 enzyme assay conditions 
fin this window] 
Tin a new window] 



Incubations without DMSO solvent served as additional negative controls. The effects of the DMSO 
were minimal, except on 6P-hydroxylation of testosterone (CYP3A4/5), whose rates were decreased by 
up to 1 9% in the DMSO control. This extent of inhibition was not considered sufficient to compromise 
the results with modafinil. 

Metabolism-dependent (mechanism-based) inhibition. To test for reversible inhibition, HLMs (two 
individual samples and a pool of seven) were preincubated with modafinil plus NADPH for 15 min 
before the addition of the substrate to start the assay. The concentrations of modafinil and of the 
substrates investigated are summarized in Table I. Solvent controls, containing all components except 
modafinil, were also examined. 

To test for irreversible inhibition, modafinil was incubated for 15 min with HLMs as was done for 

reversible inhibition but at 10- to 20-fold higher protein concentrations. Before assay, each microsomal 

mixture was diluted 10- to 20-fold to reduce any effects from reversible inhibition by modafinil or its 
metabolites. 

Enzyme Induction. Freshly isolated human hepatocytes were cultured according to the method 
described by LeCluyse et al. (199451 1996EJ. Approximately 3 x 10 6 cells were added to 60-mm culture 
dishes coated with collagen and allowed to attach for 2 to 3 h. Unattached cells were aspirated, and 
serum-free modified Chee's medium containing 0.1 uM dexamethasone, 1% insulin-transferrin-selenium 
premix, and 0.25 mg/ml Matrigel was added. The cells were then maintained in culture for ~3 days, with 
daily changes of medium, before the initiation of experiments. Only preparations that contained 
morphologically normal hepatocytes, as evaluated by phase contrast light microscopy, without 
significant contamination from other cell types were treated with modafinil or reference inducers. 
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Hepatocytes were treated with modafinil at varying concentrations or with P-naphthoflavone (33 pM), 
phenobarbital (250 pM), or rifampicin (50 pM) to serve as positive controls. The final concentration of 
the solvent (DMSO) in the medium was 0.1%. Treatment was continued for 3 days, with daily renewal 
of the medium plus the test drug or reference compound. 

Before harvest, hepatocytes were photographed to document the status of the cells after treatment. 
Approximately 24 h after the final treatment, the hepatocytes were rinsed and collected, and microsomes 
were prepared (Madan et al., 19993). Resuspension was in 0.25 M sucrose at a protein concentration of 
1 to 10 mg/ml (BCA Protein Assay Kit; Pearce Chemical Co., Rockford, IL), with storage at -80°C, to 
preserve the activity of the cytochrome P450 enzymes (Pearce et al., 1996a3). 

Assay Procedures. Assays were performed as described in detail by Pearce et al. (1996a)Hor as 
described later. In each assay described later, the reaction mixture volume was 1 ml, containing 50 pg of 
microsomal protein, and the reactions were carried out at 37°C. 

The equipment used for HPLC analysis in the paclitaxel and diclofenac assays included a Shimadzu 
LC-6A or LC-10A binary gradient HPLC system with an SIL-6A or SIL-10A autosampler and an 
SPD-6A or SPD-1 OA variable-wavelength UV detector. The column for both assays was a Supelcosil 
LC- 18 reverse phase octyldecylsilane column (5 pm particle size; 4.6 mm i.d. x 15 cm) preceded by a 
Supelcosil LC-18 guard column (40 pm particle size; 4.6 mm i.d. x 2 cm) (Supelco, Bellefonte, PA). 
Column temperature was maintained at 30 ± 1 °C with a CH-30 column heater controlled with a TC-50 
temperature controller (Eppendorf, Inc., Madison, WI). 

The 0-dealkylation of EFC was measured using a modification of the fluorophotometric method of 
Buters et al. (I993J3. EFC (25 pM) was added in 5 pi of DMSO. Reactions proceeded for 5.0 min and 
were stopped by the addition of 2.0 ml of ice-cold acetone. Precipitated protein was removed by 
centrifugation. Concentrations of 7-hydroxy-4-trifluoromethylcoumarin in the supernatant were 

determined with a Shimadzu RF-540 spectrofluorometer (A =410 nm; A = 510 ran). Zero time 

ex cm ' 

incubations served as blanks, and blanks spiked with 20 to 1000 pmol of 
7-hydroxy-4-trifluoromethylcoumarin served as standards. 

The oxidation of paclitaxel was monitored by reverse phase HPLC, based on the method described by 
Richheimer et al. (1992)Hand Cresteil et al. (1994)H, with slight modifications. Paclitaxel (10 pM) was 
added in 10 pi of acidic methanol. Reactions were started by the addition of an NADPH-generating 
solution and were stopped after 60 min by the addition of 5.9 ml of dichloromethane. Zero time 
incubations served as blanks, and blanks spiked with 120 to 1200 pmol of 6a-hydroxypaclitaxel (added 
in 40 pi of methanol), as standards. Each sample was spiked with 3 nmol of the internal standard, 
baccatin (in 100 pi of dichloromethane), and vigorously mixed on a batch vortexer. After the two phases 
were separated by low-speed centrifugation, the aqueous (upper) phase was aspirated and discarded. An 
aliquot (4 ml) of the organic phase was transferred to a culture tube and evaporated in a Speed-Vac 
concentrator (Savant Instruments, Farmingdale, NY). The residue was redissolved in 200 pi of mobile 
phase, and a 50-pl aliquot was analyzed by HPLC. The isocratic mobile phase was water/acetonitrile 
60:40 (v/v), at a total now rate of 1 .5 ml/min. Eluates were monitored at 235 nm. Total analysis time was 
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20 min/run, and the retention times for baccatin, 6cc-hydroxypaclitaxel, and paclitaxel were -3.4, -8.6, 
and -15.0 min, respectively. Paclitaxel and 6o:-hydroxypaclitaxel were quantified by peak area compared 
with authentic standards, with correction for variation in extraction efficiency based on recovery of the 
internal standard. 

The 4'-hydroxylation of diclofenac (100 uM) was measured by reverse phase HPLC, based on the 
method described by Leemann et al. (I993)B Reactions were started by the addition of an 
NADPH-generating system and were stopped after 30 min by addition of 1 .0 ml of methanol. 
Precipitated protein was removed by low-speed centrifugation, and a 400-ul aliquot of the supernatant 
fraction was analyzed by HPLC. Zero time incubations served as blanks, and blanks spiked with 50 to 
1000 pmol of4'-hydroxydiclofenac (added in 20 ul of methanol) served as standards. The isocratic 
mobile phase was 20 mM potassium phosphate buffer (pH 7.0)/acetonitrile 75:25 (v/v), at a total flow 
rate of 1 .0 ml/min. Total analysis time was 15 min/run, and the retention times of 4'-hydroxydiclofenac 
and diclofenac were -3.7 and -1 1 .0 min, respectively. Eluates were monitored at 282 nm. 
4'-Hydroxydiclofenac was quantified using peak area compared with authentic standards. 

Western Immunoblotting Procedures. CYP1 A2, CYP2A6, CYP2B6, CYP2C8, CYP2C19, and 
CYP3A4 in the hepatocyte-derived microsomes were analyzed via Western immunoblotting using 
essentially the procedures described by Madan et al. (1 999)H. 

Data Analysis. All incubations for enzyme activity assays were in duplicate; the data reported are 
averages of those duplicate determinations. 

The results of the inhibition study were analyzed by Dixon and Eadie-Hofstee plots to determine the type 
of inhibition and the value of the inhibitory constant (ATj). If an enzyme was not inhibited at the highest 
concentration of modafinil tested, an estimated minimum value of K- was calculated using the following 
equation for competitive inhibition (Todhunter, 1979S): 

K = Y1I1LM 

' »'maxiS!-V(Am-(S)j 

where [I] is the concentration of modafinil and [S] is the concentration of the marker substrate. 
Assuming under experimental conditions that would be most sensitive to inhibition (i.e., [I] = 250 uM; 
t S ] = K J 2 "> that a 1 ° 0/o inhibition would be detectable within experimental variability, the minimum K- 
value was estimated to be 1 500 uM. 

To determine significant differences between group mean values in the induction study, data were first 
determined to be parametrically distributed; then, a one-way ANOVA test for repeated measures was 
carried out. When significance (P < .05) was observed, a Dunnett's post hoc test was used to identify the 
group mean values that were significantly different from the controls (P < .05). 



► Results 
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Inhibition of Human Cytochromes P450. The rates of metabolism of 
marker substrates for nine cytochrome P450 enzymes (Table 1) were 
determined in HLMs (pool of seven) in the presence and absence of 
modafinil (5-250 juM). The presence of modafinil had minimal effect on any 
reaction except the 4-hydroxylation of S-mephenytoin (CYP2C19), which 
was reversibly inhibited with a K { value of -39 (iM (Fig. 2). This 

concentration approximates the steady-state C max value of modafinil in human plasma at a dosage of 
400 mg/day (Wong et al., 1999H). The sample-to-sample variation in the inhibition of CYP2C19 was 
determined with 10 samples of individual HLMs at substrate concentrations equal to^ m and modafinil 
concentrations equal to -2K V As expected, modafinil produced substantial inhibition (-50%) of 

CYP2C19 in all microsomal samples (Fig. 3), consistent with its ability to function as a competitive 
inhibitor. 
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Fig. 2. Evaluation of modafinil as a reversible inhibitor of 
S-mephenytoin ^hydroxylase (CYP2C19) activity in pooled 
HLMs. 

Dixon and Eadie-Hofstee plots of the rates of S-mephenytoin 
4'-hydroxylation by pooled HLMs. The microsomes were 
incubated with S-mephenytoin for 30 min at concentrations of the 
substrate that were approximately equal to K m /2, K m , and AK m and 
in the absence (solvent control; 0.1 % DMSO) or presence of 
modafinil at concentrations of 5, 25, 100, or 250 \iM. 
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Fig. 3. Sample-to-sample variation in the inhibition of 
S-mephenytoin 4 '-hydroxylase (CYP2C19) activity in HLMs by 
modafinil. 

The rates of S-mephenytoin 4'-hydroxylation were measured in the 
presence and absence (solvent control; 0.1% DMSO) of modafinil 
in individual 30-min incubations of microsomes prepared from 
nine different human livers. The substrate concentration was equal 
to K m , and the concentration of modafinil, when present, was 
75 uM. 



In addition, CYP3A4/5 and CYP2B6 were weakly inhibited. 6P-Hydroxylation of testosterone 
(CYP3A4/5) was uncompetitively inhibited with a K- value of -632 uM (Fig. 4), and O-dealkylation of 
EFC (CYP2B6) was noncompetitively inhibited with a K { value of -1200 uM (data not shown). 
However, these K- values are both much higher than the concentrations of modafinil attained clinically 
(Wong et al., 1 999S). The other cytochrome P450 activities appeared to be unaffected (K- > 1 500 uM) 
by the presence of modafinil at the concentrations tested. 




Fig. 4. Evaluation of modafinil as a reversible inhibitor of 
testosterone ^-hydroxylase (CYP3A4/5) activity in pooled HLMs. 

Dixon and Eadie-Hofstee plots of testosterone 6P-hydroxylation by 
pooled HLMs. The microsomes were incubated with testosterone 
for 8 min at concentrations of the substrate that were 
approximately equal to K m /2, K m , and 4K m and in the absence 

(solvent control; 0.1% DMSO) or presence of modafinil at 
concentrations of 5, 25, 100, or 250 uM. 
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The ability of metabolites of modafinil to affect the activities of hepatic drug-metabolizing enzymes was 
examined by preincubating the microsomes and cofactors with modafinil before the addition of each 
marker substrate and then comparing the rates of metabolism obtained under those conditions with the 
rates obtained when the substrate was introduced at the same time as modafinil. No reversible or 
irreversible metabolism-dependent inhibition was observed. A representative data set displaying the 
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effect of modafinil on testosterone 6P-hydroxylase activity (CYP3A4/5) is shown in Fig. 5. 



Fig. 5. Evaluation of modafinil as a metabolism-dependent 
(mechanism-based) inhibitor of testosterone (^-hydroxylase 
(CYP3A4/5) activity in HLMs. 

HLMs (two individual samples and a pool of seven) were 
incubated with modafinil (250 jiM) or with the solvent only 
(DMSO; final concentration, 0.1%) for 15 min under the assay 
conditions before starting the assay reaction by introduction of the 
marker substrate, testosterone (50 jiM). After 8 min, the reaction 
was quenched, and the rate of formation of 6P-hydroxytestosterone 
was calculated. The rates without preincubation were then 

View larger version n«v com P ared with those after incubation for both the 

r J . ' ! modafmil-treated microsomes and the solvent controls. To test for 
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reversible inhibition, the substrate was added to undiluted 
microsomal mixtures. To test for irreversible inhibition, the 
preincubation was conducted at microsomal protein concentrations 
that were 10- to 20-fold higher than those normally used in the 
CYP3A4/5 assay. Immediately before the addition of the substrate, 
these microsomal mixtures were diluted 10- to 20- fold to reduce 
any effect from reversible inhibition. 



Induction of Human Cytochromes P450. The ability of modafinil to induce cytochrome P450 
activities was examined in vitro in primary cultures of human hepatocytes. After ^3 days in culture, the 
hepatocytes were exposed to modafinil at concentrations of 1 0 to 300 \xU for 3 additional days. The 
hepatocytes were then harvested, and microsomes were prepared and assayed for the activities of eight 
cytochrome P450 enzymes. The mean results are presented in Fig. 6. [Note: Due to low hepatocyte yield 
from one human liver (HL-5), the 100 |iM treatment group was omitted for that liver to ensure that the 
other treatment conditions could be effectively evaluated.] 
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Fig. 6. Effect of treating primary) human hepatocyte 
cultures with modafinil and prototypical cytochrome P450 
enzyme inducers on the activities of CYP1A2, CYP2A6, 
CYP2B6, CYP2C9, CYP2D6, and CYP3A4/5 and on the 
protein level of CYP2C8. 

Human hepatocytes from five donors (HL-1 to HL-5) were 
placed in culture for 3 days before the initiation of treatment 
with modafinil at 0 (solvent control), 10, 30, 100, or 300 uM 
for 3 days, with renewal of the medium and test article every 
24 h. Additional culture dishes were similarly exposed to 
P-naphthoflavone (33 uM), phenobarbital (250 uM), or 
rifampicin (50 uM) and served as positive controls. The 
final concentration of the solvent (DMSO) in the medium 
was 0.1%. Microsomes were prepared for each human liver 
from each of the treatment groups. The enzymatic activity of 
each of the CYP enzymes was then determined for each liver 
and treatment group using marker substrates. In the case of 
CYP2C8, the rate of 6ct-hydroxylation of paclitaxel, the 
marker substrate, was too low to be measured; hence, the 
levels of CYP2C8 protein (Western immunoblots) were used 
to assess induction. For each assay, there were five 
determinations per treatment group, unless otherwise noted 
above the bar. Values represent mean ± S.D. *P < .05 in the 
comparison of modafinil-treated samples with the 
corresponding DMSO controls. fP < .05 in the comparison 
of all treated samples wi th the corresponding DMSO 
controls. 



No significant changes were observed in the activities of CYP2A6, CYP2C8, CYP2C19, or CYP2D6 
(Fig. 6). However, the activities of CYP2C19 in the microsomes from modafinil-treated and solvent 
control hepatocytes were below the limits of detection of the assay; only the positive controls produced 
detectable levels of enzyme activity. Hence, an induction of CYP2C19 to levels less than those in the 
positive controls might not have been detected. 

The enzymatic activity of CYP2C8 was also below the limit of detection in all microsomal samples, 
except those from one phenobarbital-treated control. However, CYP2C8 protein was detected in all 'of 
the microsomal preparations by Western immunoblotting. The levels of the protein were low relative to 
those in microsomes prepared directly from liver and were not consistent within or between the 
hepatocyte preparations and treatment groups. An apparent, slight increase in mean CYP2C8 protein 
concentration was observed at the two highest concentrations of modafinil, but the differences between 
the solvent control and modafinil-treated preparations were not statistically significant (P > .05). 
Although a weak induction of CYP2C8 by high concentrations of modafinil cannot be ruled out on the 
basis of these data, the likelihood of a substantive effect appears to be low. 

The enzymatic activities associated with CYP3A4/5 and CYP1 A2 were increased slightly, in a generally 
concentration-related manner, over those in the solvent-treated controls (Fig. 6). The activity of EFC 
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O-deethylase, a marker for CYP2B6, was also increased, but this compound is also a substrate for human 

CYP1 A2. Therefore, at least part of the increase in EFC O-deethylase activity reflected the induction of 
CYP1A2. 

The activity of CYP2C9 (which was not examined in the previous study reported by Moachon et al., 
1996H) was decreased up to 60% in modafinil-treated hepatocytes relative to the activity in solvent-only 
treated cells (Fig. 6). The decrease was concentration-dependent but did not represent an appreciable 
change in activity except at concentrations of modafinil of > 1 00 |iM. 

To determine whether the changes in enzyme activity were due to changes in enzyme concentration, 
Western immunoblotting was carried out with antibodies to CYP1 A2, CYP2A6/2C8/2C19, CYP2B6, 
and CYP3A4/3A5. The results for CYP1 A2 and CYP3A4 were consistent with those obtained by 
determination of enzymatic activity. A picture of two representative Western immunoblots of CYP3A4 
protein, representing three of the hepatocyte preparations, is shown in Fig. 7. In addition, the 
immunoblots showed modest induction of CYP2B6, whose level of induction could not be determined 



Fi g- 7 - Eff ect of treating primary cultures of human hepatocytes 
with modafinil on the level of CYP3A4 expression (Western 
immunoblotting). 



Human hepatocytes from five donors (HL-1 to HL-5) were placed 
in culture for 3 days before initiation of treatment with modafinil 
at 0 (solvent control), 10, 30, 100, or 300 for 3 days, with 
renewal of the medium and test article every 24 h. Additional 
culture dishes were similarly exposed to P-naphthoflavone 
(33 nM), phenobarbital (250 \lM), or rifampicin (50 ^M) and 
served as positive controls. The final concentration of the solvent 
(DMSO) in the medium was 0.1%. Microsomes were prepared for 
each human liver from each of the treatment groups, and a portion 
of each was subjected to Western immunoblotting to measure the 
levels of immunoreactive CYP3A4 using a polyclonal antibody 
against rat CYP3A1. For comparison, HLMs prepared directly 
from the livers of two individual subjects (HLM15 and HLM16), 
plus a pool of microsomes, were also evaluated, in addition to 
known concentrations of cDNA-derived CYP3A4. 



solely from the enzymatic assay. 
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► Discussion 



In the present study, the ability of modafinil to inhibit or to induce 
cytochrome P450 enzyme activities was studied in human liver preparations. 
Such information is important for the design of effective treatment programs 
that will include administration of modafinil, because such enzymatic 
interactions can either enhance or diminish the effectiveness and/or safety of 
concomitant medications. 
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Cytochrome P450 inhibition by modafinil appears to be limited to CYP2C19, whose substrates and 
inhibitors have been extensively reviewed (e.g., Flockhart, 1995(3; Parkinson, 1996(3; Rendic and Di 
Carlo, I997H). Modafinil does not itself appear to be a substrate for CYP2C19, and there are a relatively 
small number of marketed pharmaceutical products that are predominantly or even largely metabolized 
by the enzyme. Examples are S-mephenytoin (Goldstein et al., 1 9943), omeprazole (Ko et al., 1 997H), 
lansoprazole (Pearceet al., 1996bH), proguanil (Wright et al., 1995(3), diazepam (Junget al., 1997T3), 
and propranolol (Ward et al., 1 989(3). (Omeprazole and lansoprazole are also potent inhibitors of 
CYP2C19.) Caution should be exercised when initiating cotherapy with modafinil in patients receiving 
these medications, but with the possible exception of diazepam or other sedative benzodiazepines, they 
generally are not drugs with which modafinil is likely to be a frequent comedication. 

However, as demonstrated by a recent report (Grozinger et al., 1998(3) of an apparent metabolic 
drug-drug interaction of modafinil with clomipramine, inhibition of CYP2C19 could, in special cases, 
also be important for compounds that are not normally considered to be significant substrates for the 
enzyme. In the case reported, the plasma concentrations of clomipramine were found to have increased, 
along with those of its pharmacologically active r/es-methyl metabolite, after the addition of modafinil as 
a comedication. Because clomipramine and ^/es-methylclomipramine normally are largely eliminated 
through metabolism by CYP2D6 (Nielsen et al., 1 992H, 1 9960), a significant effect by an inhibitor of 
CYP2C19 was unexpected. However, the patient was subsequently determined to be CYP2D6-deficient 
(Grozinger et al., 1 998(3), belonging to a subset of the human population who have no functional 
CYP2D6 enzyme (i.e., 7-10% of whites and equal or smaller portions of other ethnic groups; 
Eichelbaum, 19843; Setiabudy et al., 19943). In these "poor metabolizers" of CYP2D6 substrates, such 
as dextromethorphan, debrisoquine, and sparteine, the fractional contributions of alternative metabolic 
pathways for clomipramine and ^-methylclomipramine through CYP2C19 and other cytochrome P450 
enzymes could assume substantially more important roles than would be the case in individuals with 
normal CYP2D6 activity. 

The inhibition of CYP2C19 by modafinil would likely have minimal therapeutic consequences for 
patients at steady state for modafinil and for whom a tricyclic antidepressant would be prescribed as 
cotherapy, because the dosage of the antidepressant would generally be titrated to identify a safe and 
effective dose. However, these results would suggest that in patients at steady state for clomipramine or 
similar tricyclic antidepressants, the addition of modafinil as cotherapy may require a dosage reduction 
for the antidepressant, particularly in CYP2D6-deficient individuals. 

Modafinil also caused an induction of cytochrome P450 activities in vitro in human hepatocytes. Three 

enzymes appeared to be induced by modafinil: CYP1 A2, CYP3A4, and CYP2B6. [The results for 

C YP 1 A2 and CYP3A4 were generally consistent with results obtained previously (Moachon et al., 1 996 

3); CYP2B6 was not previously examined.] The extent of induction of each enzyme, although 

statistically significant at one or more concentrations of modafinil, was modest, especially in comparison 

with those produced by reference inducers, when available, and in comparison with interindividual 
variability. 

No significant effect of modafinil treatment (10-300 uM) was observed in the activities of CYP2A6, 
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CYP2C8, CYP2C19, or CYP2D6. The apparent suppression of CYP2C1 9 reported previously (Moachon 
et al., 1 996H) was likely due to inhibition of the enzyme by residual modafinil that remained in the 
hepatocyte preparations during the enzymatic assays. The lack of induction of CYP2D6 in the present 
study at concentrations of up to 300 uM is consistent with the previous results for all except the highest 
concentration tested in that study (i.e., 1000 uM). The reason for the increased enzymatic activity at that 
concentration is not known, but the concentration is far beyond those that have any clinical relevance. 

Of the three cytochrome P450 enzymes apparently inducible by modafinil, CYP1 A2 and CYP2B6 do not 
appear to be of major concern. CYP1 A2 provides the primary metabolic pathway for relatively few 
pharmacologically important substrates, and these do not have narrow therapeutic indices 
(Tassaneeyakul et al., I993H; Brasen, 1995H; Bertz and Granneman, 1997E). In addition, the extent of 
induction observed in the present study, or in the previous one (Moachon et al., 1996B), was small 
relative to the ~40-fold interindividual variability observed for this enzyme. In the case of CYP2B6, the 
activity of the enzyme is extremely low in human livers (Shimadaet al., 1994H), and it appears to 
contribute minimally to the metabolism of pharmaceutical products. 

In contrast, CYP3A4 represents the largest single portion of the cytochrome P450 protein and activity in 
the human liver and plays a substantial role in the metabolism of a vast array of pharmaceutical products 
(Guengerich, 1995H; Parkinson, 1996H; Bertz and Granneman, 1997H; Rendic and Di Carlo, 1997B). Of 
particular concern are compounds that are predominantly or exclusively metabolized by CYP3A4 and 
also have a narrow therapeutic margin (e.g., cyclosporine A and steroidal contraceptives containing 
ethinyl estradiol). 

As with the inhibition of CYP2C19, the apparently low degree of induction of CYP3A4 by modafinil 
would be most likely to produce clinical effects if modafinil were added as cotherapy to a patient already 
at steady state for a narrow-margin CYP3A4 substrate. A single case of apparent interaction has been 
reported in a patient in whom the effectiveness of treatment with cyclosporine A decreased after the 
addition of modafinil as a cotherapy (Le Cacheux et al., 1997H). However, insufficient information is 
available to establish the cause of the effect. 

Finally, the apparent suppression of CYP2C9 activity in human hepatocytes by treatment with modafinil 
is potentially important due primarily to one compound, warfarin (Coumadin), which has a narrow 
therapeutic index and whose more active enantiomer (S-warfarin) is primarily a substrate for CYP2C9 
(Rettie et al., 19920). The origin of the suppressive effect obtained in vitro and its relevance to the 
clinical situation are not known, but the finding suggests caution in the initiation of treatment with 
modafinil in patients who are at steady state on warfarin. 

In summary, modafinil has been demonstrated in vitro to be a moderately potent, reversible inhibitor of 
CYP2C19 in HLMs and a modest inducer of CYP1A2, CYP3A4, and CYP2B6 in vitro in human 
hepatocytes. In addition, CYP2C9 appeared to be suppressed in vitro in human hepatocytes after 
treatment with modafinil. Overall, these results suggest that there is potential for metabolic drug-drug 
interactions between modafinil and certain possible concomitant medications. 

Due to the relatively low degree of alteration of the enzyme activities in vitro and to the concentrations 
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of modafinil required to obtain appreciable effects, a high incidence of clinically significant interactions 
would not be expected. However, these in vitro results are being used in evaluation of clinical reports of 
apparent drug-drug interactions and in the design of subsequent studies targeted at further elucidation of 
the clinical relevance, if any, of these in vitro findings. 
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AB Dipeptide nitrile Cathepsin K inhibitors 

of formula I, and pharmaceutical ly acceptable salts or esters thereof 
##STR1## 

In which 

R.sub.l and R.sub.2 are independently H or C . sub . 1 -C . sub . 7lower alkyl, 
or R.sub.l and R.sub.2 together with the carbon atom to which they are 
attached form a C . sub . 3 -C . sub . 8cycloalkyl ring, and 

Het is an optionally substituted nitrogen-containing heterocyclic 
substituent, are provided, useful e.g. for therapeutic or prophylactic 
treatment of a disease or medical condition in which cathepsin 
K is implicated. 
CLM What is claimed is: 

1. A compound of formula I , or a pharmaceut ically acceptable salt or 
ester thereof ##STR6## In which R.sub.l and R.sub.2 are independently 
H or C.sub.l-C.sub.7 lower alkyl, or R.sub.l and R.sub.2 together with 
the carbon atom to which they are attached form a C.sub.3- 

C. sub. 8cycloalkyl ring, and Het is an optionally substituted 
nitrogen-containing heterocyclic substituent, provided that Het is not 
4 -pyrrol -1-yl . 

2. A compound according to claim 1 of formula II, or a pharmaceutical^ 
acceptable salt or ester thereof ##STR7## wherein X is CH or N, and R 
is C.sub.l-C.sub.71ower alkyl, C . sub . 1-C . sub . 71ower alkoxy-C . sub . 1 - 
C.sub.7lower alkyl, C . sub . 5 -C . sub . lOaryl -C . sub . 1 -C . sub . 71ower alkyl, or 
C . sub . 3 -C . sub . 8cycloalkyl . 

3. A compound according to claim 1 , or a pharmaceutical^ acceptable 
salt or ester thereof, selected from N- [1- (Cyanomethyl -carbamoyl ) - 
cyclohexyl] -4- (piperazin- 1 -yl ) -benzamide; N- [1- (Cyanomethyl -carbamoyl ) - 
cyclohexyl] -4- (4 -methyl -piperazin- 1 -yl ) -benzamide; N- [1- (Cyanomethyl - 
carbamoyl) -cyclohexyl] -4- (4 -ethyl -piperazin- 1-yl ) -benzamide; 

N- [l- (Cyanomethyl -carbamoyl) -cyclohexyl] -4- [4- (1 -propyl) -piperazin- 1 -yl] - 
benzamide; N- [1- (Cyanomethyl -carbamoyl ) -cyclohexyl] -4- (4 - isopropyl - 
piperazin-l-yl) -benzamide; N- [l- (Cyanomethyl -carbamoyl ) -cyclohexyl] -4- 
(4-benzyl-piperazin-l-yl) -benzamide; N- [1- (Cyanomethyl -carbamoyl) - 
cyclohexyl] -4- [4- (2 -methoxy-ethyl ) -piperazin-l-yl] -benzamide; 
N- [1- (Cyanomethyl -carbamoyl) -cyclohexyl] -4- ( 1 -propyl -piperidin-4 -yl) - 
benzamide; N- [1- (Cyanomethyl -carbamoyl ) -cyclohexyl] -4- [1- (2-methoxy- 
ethyl) -piperidin-4-yl] -benzamide; N- [1- (Cyanomethyl -carbamoyl ) - 
cyclohexyl] -4- ( 1 - isopropyl -piperidin-4 -yl ) -benzamide; 

N- [1- (Cyanomethyl -carbamoyl) -cyclohexyl] -4- ( 1 -cyclopentyl -piperidin-4 - 
yl) -benzamide; N- [1- (Cyanomethyl -carbamoyl ) -cyclohexyl] -4- (1-methyl- 
piperidin-4-yl) -benzamide, or N- [1- (Cyanomethyl - carbamoyl ) -cyclohexyl] - 
4- (piperidin-4 -yl) -benzamide. 

4 . N- [1- (Cyanomethyl -carbamoyl) -cyclohexyl] -4- [4- (1-propyl) -piperazin- 1 - 
yl] -benzamide, or a pharmaceutical^ acceptable salt or ester thereof. 

5. A compound according to claim 1 for use as a pharmaceutical. 

6. A pharmaceutical composition comprising a compound according to claim 
1 as an active ingredient. 

7. A method of treating a patient suffering from or susceptible to a 
disease or medical condition in which cathepsin K is 

implicated, comprising administering an effective amount of a compound 
according to claim 1 to the patient. 



8. The use of a compound according to claim 1 for the preparation of a 
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22. A pharmaceutical composition comprising a compound 
according to claim 1 and a pharmaceutical^ acceptable carrier. 

23. A pharmaceutical composition made by combining a compound 
according to claim 1 and a pharmaceut ically acceptable carrier. 

24. A process for making a pharmaceutical composition 
comprising combining a compound according to claim 1 and a 
pharmaceutical^ acceptable carrier. 

25. The composition of claim 22 which further comprises an 

active ingredient selected from the group consisting of a) an organic 
bisphosphonate or a pharmaceutical!/ acceptable salt or ester thereof 
b) an estrogen receptor modulator, c) a cytotoxic/antiproliferative 
agent, d) a matrix metalloproteinase inhibitor, e) an inhibitor of 
epidermal-derived, fibroblast -derived, or platelet -derived growth 
factors, f) an inhibitor of VEGF , g) an inhibitor of Flk-l/KDR Flt-1 
Tck/Tie-2, or Tie-1, h) a c a thepS^n.K inhibitor, and 

i) a prenylation inhibitor, suc5r^s ik farnesyl transferase inhibitor or 
a geranylgeranyl transf erase/fnhibi to\ or a dual f arnesyl/geranylgeranyl 
transferase inhibitor; and r/ixtures thereof. 




26. The composition of clairt 25 wherein said active ingredient 

is selected from the group cWsist^g of a) an organic bisphosphonate or 
a pharmaceutical^ acceptable^a-ft or ester thereof, b) an estrogen 
receptor modulator, and c) a cathepsin K inhibitor; 
and mixtures thereof. 

27. The composition of claim 26 wherein said organic 

bisphosphonate or pharmaceutical^ acceptable salt or ester thereof is 
alendronate monosodium trihydrate. 

28. The composition of claim 25 wherein said active ingredient 
is selected from the group consisting of a) a 

cytotoxic/antiproliferative agent, b) a matrix metalloproteinase 
inhibitor, c) an inhibitor of epidermal -derived , f ibroblast-derived or 
platelet-derived growth factors, d) an inhibitor of VEGF, and e) an' 
inhibitor of Flk-l/KDR, Flt-1, Tck/Tie-2, or Tie-1; and mixtures 
thereof . 

29. A method of eliciting an integrin receptor antagonizing effect in a 
mammal in need thereof, comprising administering to the mammal a 
therapeutically effective amount of a compound according to claim 1. 

30. The method of claim 29 wherein the integrin receptor antagonizing 
effect is an . alpha . v . beta . 3 antagonizing effect. 

31. The ^ method of claim 30 wherein the . alpha .v . beta . 3 antagonizing 
effect is selected from the group consisting of inhibition of bone 
resorption, restenosis, angiogenesis , diabetic retinopathy, macular 
degeneration, inflammation, viral disease, and tumor growth. 

32. The method of claim 31 wherein the . alpha . v . beta . 3 antagonizing 
effect is the inhibition of bone resorption. 

33. The method of claim 29 wherein the integrin receptor antagonizing 
effect is an . alpha . v . beta . 5 antagonizing effect. 

34. The method of claim 33 wherein the . alpha . v . beta . 5 antagonizing 
effect is selected from the group consisting of inhibition of 
restenosis, angiogenesis, diabetic retinopathy, macular degeneration, 
inflammation, and tumor growth. 



35. The method of claim 29 wherein the integrin receptor antagonizing 
effect is a dual . alpha . v . beta . 3 /. alpha . v . beta . 5 antagonizing effect. 

36. The method of claim 35 wherein the dual 

. alpha. v. beta. 3/. alpha. v. beta, 5 antagonizing effect is selected from the 
group consisting of inhibition of bone resorption, restenosis, 
angiogenesis, diabetic retinopathy, macular degeneration, inflammation, 
viral disease, and tumor growth. 

37. The method of claim 29 wherein the integrin antagonizing effect is 
an . alpha. v. beta. 6 antagonizing effect. 

38. The method of claim 37 wherein the . alpha . v . beta . 6 antagonizing 
effect is selected from the group consisting of angiogenesis, 
inflammatory response, and wound healing. 

39. A method of eliciting an integrin receptor antagonizing effect in a 
mammal m need thereof, comprising administering to the mammal a 
therapeutically effective amount of the composition of claim 



40. A method of treating or preventing a condition mediated by 
antagonism of an integrin receptor in a mammal in need thereof, 
comprising administering to the mammal a therapeutically effective 
amount of the composition of claim 22. 

41. A method of inhibiting bone resorption in a mammal in need thereof 
comprising administering to the mammal a therapeutically effective 
amount of the composition of claim 22. 

42. A method of inhibiting bone resorption in a mammal in need thereof 
comprising administering to the mammal a therapeutically effective 
amount of the composition of claim 26. 

43. A method of treating tumor growth in a mammal in need thereof, 
comprising administering to the mammal a therapeutically effective 
amount of the composition of claim 28. 

44. A method of treating tumor growth in a mammal in need thereof 
comprising administering to the mammal a therapeutically effective 
amount of a compound according to claim 1 in combination with radiation 
therapy. 

45. The compound of claim 21 selected from the group consisting of 

3 (S) - (2,3-Dihydro-benzofuran-6-yl) -3-{2-oxo-3- [3- ( 5 , 6 , 7 , 8 - tetrahydro- 
[1, 8]naphthyridin-2-yl) -propyl] - imidazolidin- 1-yl } -propionic acid 
3 (S) - (Quinolin-3-yl) -3-{2-oxo-3- [3 - ( 5 , 6 , 7 , 8 - tetrahydro- [1 , 8] naphthyridin- 

2- yl -propyl] - imidazolidin- 1 -yl } -propionic acid, 3 (S) - ( 6 -Methoxypyridin- 

3- yl) -3-{2-oxo-3- [3- (5,6, 7, 8 -tetrahydro- [ 1 , 8 ] naphthyridin-2 -yl ) -propyl] - 
imidazolidm-1-yl} -propionic acid, 3 (S) - ( 6 -Ethoxypyridin- 3 -yl ) -3-{2-oxo- 
3 - [3- (5,6,7,8-tetrahydro- [ 1 , 8 ] naphthyridin - 2 -yl ) -propyl] - imidazolidin- 1 - 
yl}-propionic acid, 3 (S) - (4 -Ethoxy-3 -f luorophenyl) -3-{2-oxo-3- [3- 
(5,6,7, 8 -tetrahydro- [ 1 , 8 ] napthyridin-2 -yl ) -propyl] -imidazolidin- 1-yl } - 
propionic acid; and the pharmaceutically acceptable salts thereof. 

46 The compound of claim 45 which is 3 (S) - (2 , 3 -Dihydro-benzof uran-6-yl ) - 
3-{2-oxo-3- [3- (5,6, 7, 8 -tetrahydro- [ 1 , 8 ] naphthyridin- 2 -yl ) -propyl] - 
imidazolidm-l-yl} -propionic acid or a pharmaceutically acceptable salt 
thereof. 



47. The compound of claim 45 which is 3 (S) - ( 6 -Methoxypyridin- 3 -yl) -3 - {2 ■ 
oxo-3- [3- (5, 6, 7, 8-tetrahydro- [1, 8] naphthyridin-2 -yl) -propyl] - 
imidazolidin-1-yl} -propionic acid or a pharmaceutically acceptable salt 
thereof . 



AB 



48. The compound of claim 45 which is 3 (S) - (Quinolin-3 -yl) -3 - {2 -oxo-3 - [3 
(5, 6, 7, 8-tetrahydro- [1,8] naphthyridin-2 -yl ) -propyl] - imidazolidin- 1 -yl } - 
propionic acid or a pharmaceutically acceptable salt thereof. 

The present invention relates to compounds and derivatives thereof, 
their synthesis, and their use as integrin receptor antagonists. More 
particularly, the compounds of the present invention are antagonists of 
the integrin receptors . alpha . v . beta . 3 , . alpha . v . beta . 5 and/or 
. alpha. v. beta. 6 and are useful for inhibiting bone resorption, treating 
and preventing osteoporosis, and inhibiting vascular restenosis, 
diabetic retinopathy, macular degeneration, angiogenesis , 
atherosclerosis, inflammation, wound healing, viral disease, and tumor 
growth and metastasis. 
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L16 ANSWER 34 OF 34 USPATFULL 

CLM What is claimed is: 

1. A compound of formula: ##STR62## known as 2- [N- (N-benzyloxycarbonyl -L- 
leucmyl) ] -2 ' - [N- - [4 - (N, N-dimethylaminomethyl ) benzyloxy] carbonyl-L- 
leucmyljcarbonhydrazide; or a pharmaceutically acceptable salt, hydrate 
or solvate thereof. 



2. A pharmaceutical composition comprising a compound 

according to claim 1 and a pharmaceutically acceptable carrier, diluent 
or excipient . 



3. A method of inhibiting a cysteine protease comprising administering 
to a patient in need thereof an effective amount of a compound accordinq 
to claim 1. 

4. A method according to claim 3 wherein said cysteine protease is 
cathepsin K. 

5. A method of treating a disease characterized by bone loss comprising 
inhibiting said bone loss by administering to a patient in need thereof 
an effective amount of a compound according to claim 1. 

6. A method according to claim 5 wherein said disease is osteoporosis. 

7. A method according to claim 5 wherein said disease is periodontitis. 

8. A method according to claim 5 wherein said disease is gingivitis. 

9. A method of treating a disease characterized by excessive cartilage 
or matrix degradation comprising inhibiting said excessive cartilage or 
matrix degradation by administering to a patient in need thereof an 
effective amount of a compound according to claim 1. 

10. A method according to claim 9 wherein said disease is 
osteoarthritis . 



AB 



11. A method according to claim 9 wherein said disease is rheumatoid 
arthritis . 

Disclosed herein is a compound of the formula ##STR1## known as 
2- [N- (N-benzyloxycarbonyl-L-leucinyl) ] -2 1 - [N ' - [4- (N,N- 
dimethylaminomethyl ) benzyloxy ] carbonyl -L- leucinyl ] carbohydraz ide ; and 
pharmaceutical^ acceptable salts, hydrates and solvates thereof. 

DW MTTMRTD • 1 qqq . n iC n a n r nn t^-r mi-.TTT T 



ACCESSION NUMBER 
TITLE : 
INVENTOR (S) 



PATENT ASSIGNEE (S) : 



1999 : 160086 USPATFULL 
Protease inhibitors 

Halbert, Stacie Marie, Harleysville , PA, United States 
Thompson, Scott Kevin, Phoenixville , PA, United States 
Veber, Daniel Frank, Ambler, PA, United States 
SmithKline Beecham Corporation, Philadelphia, PA, 
United States (U.S. corporation) 



PATENT INFORMATION: 
I 

APPLICATION INFO. : 
RELATED APPLN . INFO. 



NUMBER 
US 5998470 



KIND DATE 

19991207 



US 1999-290958 19990413 (9) 

Division of Ser. No. US 793915 



NUMBER 



DATE 



PRIORITY INFORMATION: 



DOCUMENT TYPE: 
FILE SEGMENT: 
PRIMARY EXAMINER: 
LEGAL REPRESENTATIVE: 

NUMBER OF CLAIMS : 
EXEMPLARY CLAIM: 
LINE COUNT: 



US 1995-8108P 
US 1995-7473P 
US 1995-8992P 
Utility 
Granted 

Stockton, Laura L. 

Stercho, Yuriy P . , 

Charles M. 

11 

1 

6106 



19951030 
19951122 
19951221 



(60) 
(60) 
(60) 



Venetianer, Stephen A. , Kinzig, 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



I 



LI 6 ANSWER 31 OF 34 US PAT FULL 
CLM What is claimed is: 

1. A compound of the formula ##STR18## wherein W is selected from the 
group consisting of a 5- or 6-membered monocyclic aromatic or 
nonaromatic ring system having 1, 2, 3 or 4 heteroatoms selected from 
the group consisting of N, 0, and S wherein the ring nitrogen atoms are 
unsubstituted or substituted with one R.sup.l substituent and the ring 
carbon atoms are unsubstituted or substituted with one or two R sup 1 
substituents, and a 9- to 1 4-membered polycyclic ring system, wherein 
one or more of the rings is aromatic, and wherein the polycyclic ring 
system has 1, 2, 3 or 4 heteroatoms selected from the group consisting 
of N, 0, and S wherein the ring nitrogen atoms are unsubstituted or 
substituted with one R.sup.l substituent and the ring carbon atoms are 
unsubstituted or substituted with one or two R.sup.l substituents- X is 
selected from the group consisting of - - (CH. sub . 2 ) . sub . v -- and 
--(CH.sub.2) .sub. v NR. sup. 4 (CH . sub . 2 ) . sub . v --; wherein any methylene 
(CH.sub.2) carbon atom, other than in R. sup. 4, is either unsubstituted 
or substituted with one or two R.sup.3 substitutents ; Y is ##STR19## 
wherein the biphenyl ring system is either unsubstituted or substituted 
with one or more R.sup.l substituents; Z is selected from the group 
consisting of ##STR20## --CH.sub.2 CH.sub.2 -- and --CH dbd CH- - 
wherein either carbon atom can be substituted by one or two R sup 3 
substituents; each R.sup.l is independently selected from the group 
consisting of hydrogen, halogen, C. sub. 1-10 alkyl, C. sub. 3-8 cycloalkyl 
C. sub. 3-8 cycloheteroalkyl, C. sub. 3-8 cycloalkyl C. sub. 1-6 alkyl 
C. sub. 3-8 cycloheteroalkyl C. sub. 1-6 alkyl, aryl, aryl C . sub . 1 - 8 ' alkyl 
ammo, amino C. sub. 1-8 alkyl, C. sub. 1-3 acylamino, C. sub. 1-3 acylamino' 
C. sub. 1-8 alkyl, (C. sub. 1-6 alkyl). sub. p amino, (C. sub. 1-6 alkyl) sub p 
ammo C. sub. 1-8 alkyl, C. sub. 1-4 alkoxy, C. sub. 1-4 alkoxy C.sub 1-6 
alkyl, hydroxycarbonyl , hydroxycarbonyl C.sub. 1-6 alkyl, C.sub 1-3 
alkoxycarbonyl , C.sub. 1-3 alkoxycarbonyl C.sub. 1-6 alkyl 
hydroxycarbonyl- C.sub. 1-6 alkyloxy, hydroxy, hydroxy C.sub. 1-6 alkyl 
C.sub. 1-6 alkyloxy-C.sub.1-6 alkyl, nitro, cyano, trif luoromethyl , 
trif luoromethoxy, trif luoroethoxy, C . sub . 1- 8 alkyl -S (O) . sub .p, 
(C.sub. 1-8 alkyl). sub. p aminocarbonyl , C.sub. 1-8 alkyloxycarbonylamino, 
(C.sub. 1-8 alkyl). sub. p aminocarbonyloxy , (aryl C.sub. 1-8 alkyl). sub p 
ammo, (aryl). sub. p amino, aryl C.sub. 1-8 alkylsulf onylamino, and 
C.sub. 1-8 alkylsulfonylamino; or two R.sup.l substituents, when on the 
same carbon atom, are taken together with the carbon atom to which they 
are attached to form a carbonyl group; each R.sup.3 is independently 
selected from the group consisting of hydrogen, aryl, C.sub. 1-10 alkyl 
aryl-- (CH.sub.2) .sub. r --0-- (CH.sub.2) . sub.s, aryl - - (CH. sub . 2 ) . sub r ' 
S(0).sub.p -- (CH.sub.2) .sub.s, aryl - - (CH . sub. 2 ) . sub . r 
--C(O) -- (CH.sub.2) .sub.s, aryl-- (CH.sub.2) .sub.r C (O) - -M (R . sup . 4 ) - - 
(CH.sub.2) .sub.s, aryl-- (CH.sub.2) .sub.r - -N (R. sup . 4) - -C (0) - - 
(CH.sub.2) .sub.s, aryl-- (CH.sub.2) .sub.r - -N (R . sup . 4 ) - - (CH . sub . 2 ) subs 
halogen, hydroxyl, oxo, trif luoromethyl , C.sub. 1-8 alkylcarbonylamino ' 
aryl C.sub. 1-5 alkoxy, C.sub. 1-5 alkoxycarbonyl, (C.sub. 1-8 alkyl). sub p 
aminocarbonyl, C.sub. 1-6 alkylcarbonyloxy , C.sub. 3-8 cycloalkyl, 
(C.sub. 1-6 alkyl). sub. p amino, amino C.sub. 1-6 alkyl, arylaminocarbonyl , 
aryl C.sub. 1-5 alkylammocarbonyl , aminocarbonyl, aminocarbonyl 
C.sub. 1-6 alkyl, hydroxycarbonyl, hydroxycarbonyl C.sub. 1-6 alkyl 
HC.tbd.C-- (CH.sub.2) .sub. t --, C.sub. 1-6 alkyl--c.tbd C-- 
(CH.sub.2) .sub.t --, C.sub. 3-7 cycloalkyl--C.tbd.C-- (CH.sub.2) .sub t -- 
aryl--C.tbd.C-- (CH.sub.2) .sub. t --, C.sub. 1-6 alkylaryl--C tbd C-- 
(CH. sub. 2) .sub.t --, CH.sub.2 . dbd. CH-- (CH.sub.2) .sub.t -- c sub 1-6 
alkyl --CH. dbd. CH-- (CH.sub.2) .sub.t --, C.sub. 3-7 cycloalkyl - -CH. dbd . CH- - 
(CH.sub.2) .sub.t --, aryl--CH. dbd. CH-- (CH.sub.2) .sub.t --, C.sub 1-6 
alkylaryl--CH. dbd. CH-- (CH.sub.2) .sub.t --, C.sub. 1-6 alkyl- -SO sub 2 
-- (CH.sub.2) .sub.t --, C.sub. 1-6 alkylaryl--S0.sub.2 --(CH.sub.2) sub t 
--, C.sub. 1-6 alkoxy, aryl C.sub. 1-6 alkoxy, aryl C.sub. 1-6 alkyl 
(C.sub. 1-6 alkyl). sub. p amino C.sub. 1-6 alkyl, (aryl). sub. p amino! 
(aryl). sub. p amino C.sub. 1-6 alkyl, (aryl C.sub. 1-6 alkyl). sub. p amino 



(aryl C. sub. 1-6 alkyU.sub.p amino C. sub. 1-6 alkyl, arylcarbonyloxy , 
aryl C. sub. 1-6 alkylcarbonyloxy , (C. sub. 1-6 alkyl). sub. p 
aminocarbonyloxy, C. sub. 1-8 alkylsulf onylamino , arylsulf onylamino , 
C. sub. 1-8 alkylsulfonylamino C. sub. 1-6 alkyl, arylsulf onylamino 
C. sub. 1-6 alkyl, aryl C. sub. 1-6 alkylsulfonylamino, aryl C. sub. 1-6 
alkylsulfonylamino C. sub. 1-6 alkyl, C. sub. 1-8 alkoxycarbonylamino , 
C. sub. 1-8 alkoxycarbonylamino C. sub. 1-8 alkyl, aryloxyearbonylamino 
C. sub. 1-8 alkyl, aryl C. sub. 1-8 alkoxycarbonylamino, aryl C. sub. 1-8 
alkoxycarbonylamino C. sub. 1-8 alkyl, C. sub. 1-8 alkylcarbonylamino , 
C. sub. 1-8 alkylcarbonylamino C. sub. 1-6 alkyl, arylcarbonylamino 
C. sub. 1-6 alkyl, aryl C. sub. 1-6 alkylcarbonylamino, aryl C. sub. 1-6 
alkylcarbonylamino C. sub. 1-6 alkyl, aminocarbonylamino C. sub. 1-6 alkyl, 
(C. sub. 1-8 alkyl). sub. p aminocarbonylamino, (C. sub. 1-8 alkyl). sub. p 
aminocarbonylamino C. sub. 1-6 alkyl, (aryl). sub. p aminocarbonyl amino 
C. sub. 1-6 alkyl, (aryl C. sub. 1-8 alkyl). sub. p aminocarbonylamino, (aryl 
C. sub. 1-8 alky 1). sub. p aminocarbonylamino C. sub. 1-6 alkyl, 
aminosulfonylamino C. sub. 1-6 alkyl, (C. sub. 1-8 alkyl ). sub '. p 
aminosulfonylamino, (C. sub. 1-8 alkyl). sub. p aminosulfonylamino C. sub. 1-6 
alkyl, (aryl). sub. p aminosulfonylamino C. sub. 1-6 alkyl, (aryl C. sub. 1-8 
alkyl). sub. p aminosulfonylamino , (aryl C. sub. 1-8 alkyl). sub. p 
aminosulfonylamino C. sub. 1-6 alkyl, C. sub. 1-6 alkylsulf onyl , C. sub. 1-6 
alkylsulfonyl C. sub. 1-6 alkyl, arylsulfonyl C. sub. 1-6 alkyl, aryl 
C. sub. 1-6 alkylsulfonyl, aryl C. sub. 1-6 alkylsulfonyl C. sub. 1-6 alkyl 
C. sub. 1-6 alkylcarbonyl, C. sub. 1-6 alkylcarbonyl C. sub. 1-6 alkyl, aryl 
C. sub. 1-6 alkylcarbonyl, aryl C. sub. 1-6 alkylcarbonyl C. sub. 1-6 alkyl, 
C. sub. 1-6 alkyl thiocarbonylamino, C. sub. 1-6 alkyl thiocarbonylamino 
C. sub. 1-6 alkyl, arylthiocarbonylamino C. sub. 1-6 alkyl, aryl C. sub. 1-6 
alkylthiocarbonylamino, aryl C. sub. 1-6 alkylthiocarbonylamino C. sub. 1-6 
alkyl, (C. sub. 1-8 alkyl). sub. p aminocarbonyl C. sub. 1-6 alkyl, 
(aryl). sub. p aminocarbonyl C. sub. 1-6 alkyl, (aryl C. sub. 1-8 alkyl) sub p 
aminocarbonyl, and (aryl C. sub. 1-8 alkyl). sub. p aminocarbonyl C. sub. 1-6 
alkyl; or two R.sup.3 subs t ituents , when on the same carbon atom are 
taken together with the carbon atom to which they are attached to form a 
carbonyl group or a cyclopropyl group, wherein any of the alkyl groups 
of R.sup.3 are either unsubstituted or substituted with one to three 
R.sup.l substituents, and provided that each R.sup.3 is selected such 
that in the resultant compound the carbon atom or atoms to which R.sup.3 
is attached is itself attached to no more than one heteroatom; each 
R.sup.4 is independently selected from the group consisting of hydrogen 
aryl, aminocarbonyl, C. sub. 3-8 cycloalkyl, amino C. sub. 1-6 alkyl, 
(aryl). sub. p aminocarbonyl, (aryl C. sub. 1-5 alkyl). sub. p aminocarbonyl 
hydroxycarbonyl C. sub. 1-6 alkyl, C. sub. 1-8 alkyl, aryl C. sub. 1-6 alkyl, 
(C. sub. 1-6 alkyl). sub. p amino C. sub. 2-6 alkyl, (aryl C. sub. 1-6 
alkyl). sub. p amino C. sub. 2-6 alkyl, C. sub. 1-8 alkylsulfonyl, C. sub. 1-8 
alkoxycarbonyl, aryloxycarbonyl , aryl C. sub. 1-8 alkoxycarbonyl , 
C. sub. 1-8 alkylcarbonyl, arylcarbonyl , aryl C. sub. 1-6 alkylcarbonyl, 
(C. sub. 1-8 alkyl). sub. p aminocarbonyl, aminosulf onyl , C. sub. 1-8 
alkylaminosulfonyl, (aryl). sub. p aminosulf onyl , (aryl C. sub. 1-8 
alkyl). sub. p aminosulf onyl , arylsulfonyl, arylC . sub . 1-6 alkylsulfonyl, 
C. sub. 1-6 alkyl thiocarbonyl, arylthiocarbonyl , and aryl C. sub. 1-6 
alkylthiocarbonyl, wherein any of the alkyl groups of R.sup.4 are either 
unsubstituted or substituted with one to three R.sup.l substituents; 
R.sup.5 and R.sup.6 are each independently selected from the group 
consisting of hydrogen, C. sub. 1-10 alkyl, aryl, aryl- - (CH . sub . 2 ) . sub r 
--0-- (CH.sub.2) .sub.s, aryl - - (CH . sub . 2 ) . sub . r S(0).sub.p 
-- (CH.sub.2) .sub.s, aryl-- (CH.sub.2) .sub. r - -C (0) - - (CH . sub . 2 ) . sub s 
aryl-- (CH.sub.2) . sub . r --C(O) - -N (R . sub . 4 ) - - (CH . sub . 2 ) . sub . s 
aryl-- (CH.sub.2) .sub.r - -N (R . sub . 4 ) - -C (O) - - (CH . sub . 2 ) .sub.s 
aryl-- (CH.sub.2) .sub. r - -N (R . sup . 4 ) - - (CH . sub . 2 ) . sub . s , halogen, 
hydroxyl, C. sub. 1-8 alkylcarbonylamino, aryl C. sub. 1-5 alkoxy, C sub 1-5 
alkoxycarbonyl, (C. sub. 1-8 alkyl). sub. p aminocarbonyl, C.sub 1-6 
alkylcarbonyloxy, C.sub. 3-8 cycloalkyl, (C.sub. 1-6 alkyl). sub. p amino, 
amino C.sub. 1-6 alkyl, arylaminocarbonyl , aryl C.sub. 1-5 
alkylaminocarbonyl, aminocarbonyl, aminocarbonyl C.sub. 1-6 alkyl, 



hydroxycarbonyl , hydroxycarbonyl C. sub. 1-6 alkyl, HC.tbd.C-- 
(CH.sub.2) .sub.t --, C. sub. 1-6 alkyl - -C . tbd . C- - (CH . sub . 2 ) . sub . t --, 
C. sub. 3-7 cycloalkyl--C. tbd.C-- (CH.sub.2) .sub.t --, aryl - -C . tbd . C- - 
(CH. sub. 2) .sub.t --, C. sub. 1-6 alkylaryl - -C . tbd . C- - (CH . sub . 2 ) . sub . t -- 
CH.sub.2 .dbd.CH-- (CH.sub.2) .sub. t --, C. sub. 1-6 alkyl - -CH . dbd . CH- - 
(CH. sub. 2) .sub.t --, C. sub. 3-7 cycloalkyl - -CH . dbd . CH- - (CH . sub . 2 ) . sub t 
--, aryl--CH.dbd.CH-- (CH.sub.2) .sub.t --, C. sub. 1-6 alkylaryl - -CH . dbd . CH- 
- (CH.sub.2) .sub.t --, C. sub. 1-6 alkyl - -SO . sub . 2 - - (CH . sub . 2 ) . sub . t --, 
C. sub. 1-6 alkylaryl--S0.sub.2 - - (CH . sub . 2 ) . sub . t --, C. sub. 1-6 alkoxy,' 
aryl C. sub. 1-6 alkoxy, aryl C. sub. 1-6 alkyl, (C. sub. 1-6 alkyl). sub. p 
ammo C. sub. 1-6 alkyl, (aryl). sub. p amino, (aryl). sub. p amino C. sub. 1-6 
alkyl, (aryl C. sub. 1-6 alkyl). sub. p amino, (aryl C. sub. 1-6 alkyl). sub. p 
ammo C. sub. 1-6 alkyl, arylcarbonyloxy , aryl C. sub. 1-6 alkylcarbonyloxy , 
(C. sub. 1-6 alkyl). sub. p aminocarbonyloxy , C. sub. 1-8 alkylsulf onylamino , 
arylsulfonylamino, C. sub. 1-8 alkylsulf onylamino C. sub. 1-6 alkyl, 
arylsulfonylamino C. sub. 1-6 alkyl, aryl C. sub. 1-6 alkylsulf onylamino , 
aryl C. sub. 1-6 alkylsulf onylamino C. sub. 1-6 alkyl, C. sub. 1-8 
alkoxycarbonylamino, C. sub. 1-8 alkoxycarbonylamino C. sub. 1-8 alkyl, 
aryloxycarbonylamino C. sub. 1-8 alkyl, aryl C. sub. 1-8 

alkoxycarbonylamino, aryl C. sub. 1-8 alkoxycarbonylamino C. sub. 1-8 alkyl, 
C. sub. 1-8 alkylcarbonylamino, C. sub. 1-8 alkylcarbonylamino C. sub. 1-6 
alkyl, arylcarbonylamino C. sub. 1-6 alkyl, aryl C. sub. 1-6 
alkylcarbonylamino, aryl C. sub. 1-6 alkylcarbonylamino C. sub. 1-6 alkyl, 
aminocarbonylamino C. sub. 1-6 alkyl, (C. sub. 1-8 alkyl). sub. p 
aminocarbonylamino, (C. sub. 1-8 alkyl). sub. p aminocarbonylamino C. sub. 1-6 
alkyl, (aryl) .sub. p aminocarbonylamino C. sub. 1-6 alkyl, (aryl C. sub. 1-8 
alkyl). sub. p aminocarbonylamino, (aryl C. sub. 1-8 alkyl). sub. p 
aminocarbonylamino C. sub. 1-6 alkyl, aminosulf onylamino C. sub. 1-6 alkyl, 
(C. sub. 1-8 alkyl). sub. p aminosulf onylamino , (C. sub. 1-8 alkyl). sub. p 
aminosulfonylamino C. sub. 1-6 alkyl, (aryl). sub. p aminosulf onylamino 
C. sub. 1-6 alkyl, (aryl C. sub. 1-8 alkyl). sub. p aminosulfonylamino, (aryl 
C. sub. 1-8 alkyl). sub. p aminosulfonylamino C. sub. 1-6 alkyl, C. sub. 1-6 
alkylsulf onyl, C. sub. 1-6 alkylsulf onyl C. sub. 1-6 alkyl, arylsulfonyl 
C. sub. 1-6 alkyl, aryl C. sub. 1-6 alkylsulf onyl , aryl C. sub. 1-6 
alkylsulfonyl C. sub. 1-6 alkyl, C. sub. 1-6 alkylcarbonyl , C. sub. 1-6 
alkylcarbonyl C. sub. 1-6 alkyl, arylcarbonyl C. sub. 1-6 alkyl, aryl 
C. sub. 1-6 alkylcarbonyl, aryl C. sub. 1-6 alkylcarbonyl C. sub. 1-6 alkyl, 
C. sub. 1-6 alkylthiocarbonylamino, C. sub. 1-6 alkylthiocarbonylamino 
C. sub. 1-6 alkyl, arylthiocarbonylamino C. sub. 1-6 alkyl, aryl C. sub. 1-6 
alkylthiocarbonylamino, aryl C. sub. 1-6 alkylthiocarbonylamino C. sub. 1-6 
alkyl, (C. sub. 1-8 alkyl). sub. p aminocarbonyl C. sub. 1-6 alkyl, 
(aryl). sub. p aminocarbonyl C. sub. 1-6 alkyl, (aryl C. sub. 1-8 alkyl). sub. p 
aminocarbonyl, and (aryl C. sub. 1-8 alkyl). sub. p aminocarbonyl C. sub. 1-6 
alkyl; or R.sup.5 and R . sup . 6 are taken together with the carbon atom to 
which they are attached to form a carbonyl group, wherein any of the 
alkyl groups of R.sup.5 or R.sup.6 are either unsubstituted or 
substituted with one to three R.sup.l substituents , 

and provided that each R.sup.5 and R.sup.6 are selected such that in the 
resultant compound the carbon atom to which R.sup.5 and R.sup.6 are 
attached is itself attached to no more than one heteroatom; R.sup.7 and 
R.sup.8 are each independently selected from the group consisting of 
hydrogen, C . sub . 1 - 10 alkyl , aryl, aryl - - (CH . sub . 2 ) . sub . r 
--0-- (CH.sub.2) .sub. s, aryl - - (CH . sub . 2 ) . sub . r S(0).sub.p 
-- (CH.sub.2) .sub. s, aryl-- (CH.sub.2) . sub . r --C(O) -- (CH.sub.2) .sub.s, 
aryl-- (CH.sub.2) . sub . r --C(O) - -N (R . sup . 4 ) - - (CH.sub.2) .sub.s, 
aryl-- (CH.sub.2) .sub. r N (R . sup . 4 ) - -C (O) - - (CH . sub . 2 ) . sub . s --, 

aryl-- (CH.sub.2) .sub. r - -N (R . sup . 4 ) - - (CH . sub . 2 ) . sub . s , halogen, 
hydroxy 1, C. sub. 1-8 alkylcarbonylamino, aryl C. sub. 1-5 alkoxy, C. sub. 1-5 
alkoxycarbonyl, (C. sub. 1-8 alkyl). sub. p aminocarbonyl, C. sub. 1-6 
alkylcarbonyloxy, C. sub. 3-8 cycloalkyl, (C. sub. 1-6 alkyl). sub. p amino, 
amino C. sub. 1-6 alkyl, arylaminocarbonyl , aryl C. sub. 1-5 
alkylaminocarbonyl , aminocarbonyl, aminocarbonyl C. sub. 1-6 alkyl, 



hydroxycarbonyl , hydroxycarbonyl C. sub. 1-6 alkyl, HC.tbd.C-- 
(CH.sub.2) .sub.t --, C. sub. 1-6 alkyl - -C . tbd . C- - (CH . sub . 2 ) . sub . t -- 
C. sub. 3-7 cycloalkyl--c.tbd.C-- (CH.sub.2) .sub.t --, aryl - -C. tbd. C- - 
(CH. sub. 2) .sub.t --, C. sub. 1-6 alkylaryl--C. tbd. C-- (CH.sub.2) .sub t -- 
CH.sub.2 .dbd.CH-- (CH.sub.2) .sub.t --, C. sub. 1-6 alkyl - -CH . dbd CH-- 
(CH.sub.2) .sub.t --, C. sub. 3-7 cycloalkyl--CH.dbd.CH-- (CH.sub.2) .sub.t 
--, aryl--CH. dbd.CH-- (CH.sub.2) .sub.t --, C. sub. 1-6 alkylaryl--CH.dbd.CH- 
- (CH.sub.2) .sub.t --, C. sub. 1-6 alkyl - -SO . sub . 2 - - (CH . sub . 2 ) . sub t -- 
C. sub. 1-6 alkylaryl--S0.sub.2 - - (CH . sub . 2 ) . sub . t --, C. sub. 1-6 alkoxy' 
aryl C. sub. 1-6 alkoxy, aryl C. sub. 1-6 alkyl, (C. sub. 1-6 alkyl). sub p 
ammo C. sub. 1-6 alkyl, (aryl). sub. p amino, (aryl). sub. p amino C . sub 1-6 
alkyl, (aryl C. sub. 1-6 alkyl). sub. p amino, (aryl C. sub. 1-6 alkyl) sub p 
ammo C. sub. 1-6 alkyl, arylcarbonyloxy , aryl C. sub. 1-6 alkylcarbonyloxy , 
(C. sub. 1-6 alkyl). sub. p aminocarbonyloxy , C. sub. 1-8 alkylsulf onylamino 
arylcarbonylammo, arylsulf onylamino, C. sub. 1-8 alkylsulf onylamino 
C. sub. 1-6 alkyl, arylsulf onylamino C. sub. 1-6 alkyl, aryl C. sub. 1-6 
alkylsulfonylamino, aryl C. sub. 1-6 alkylsulf onylamino C. sub. 1-6 alkyl, 
C. sub. 1-8 alkoxycarbonylamino, C. sub. 1-8 alkoxycarbonylamino C. sub. 1-8 
alkyl, aryloxycarbonylamino C. sub. 1-8 alkyl, aryl C. sub. 1-8 
alkoxycarbonylamino, aryl C. sub. 1-8 alkoxycarbonylamino C. sub. 1-8 alkyl 
C. sub. 1-8 alkylcarbonylamino C. sub. 1-6 alkyl, arylcarbonylamino 
C. sub. 1-6 alkyl, aryl C. sub. 1-6 alkylcarbonylamino, aryl C. sub. 1-6 
alkylcarbonylamino C. sub. 1-6 alkyl, aminocarbonylamino C. sub. 1-6 alkyl 
arylaminocarbonylami.no, (C. sub. 1-8 alkyl ). sub . p aminocarbonylamino , 
(C. sub. 1-8 alkyl). sub. p aminocarbonylamino C. sub. 1-6 alkyl, (aryl) sub p 
aminocarbonylamino C. sub. 1-6 alkyl, (aryl C. sub. 1-8 alkyl) sub p 
aminocarbonylamino, (aryl C. sub. 1-8 alkyl). sub. p aminocarbonylamino 
C. sub. 1-6 alkyl, aminosulf onylamino C. sub. 1-6 alkyl, (C. sub. 1-8 
alkyl). sub. p aminosulf onylamino, (C. sub. 1-8 alkyl). sub. p 
aminosulfonylamino C. sub. 1-6 alkyl, (aryl). sub. p aminosulf onylamino 
C. sub. 1-6 alkyl, (aryl C. sub. 1-8 alkyl). sub. p aminosulfonylamino, (aryl 
C. sub. 1-8 alkyl). sub. p aminosulfonylamino C. sub. 1-6 alkyl, C sub 1-6 
alkylsulf onyl, C. sub. 1-6 alkylsulf onyl C. sub. 1-6 alkyl, arylsulfonyl 
C. sub. 1-6 alkyl, aryl C. sub. 1-6 alkylsulf onyl , aryl C.sub 1-6 
alkylsulfonyl C.sub. 1-6 alkyl, C.sub. 1-6 alkylcarbonyl , C.sub. 1-6 
alkylcarbonyl C.sub. 1-6 alkyl, arylcarbonyl C.sub. 1-6 alkyl, aryl 
C.sub. 1-6 alkylcarbonyl, aryl C.sub. 1-6 alkylcarbonyl C.sub '.1-6 alkyl, 
C.sub. 1-6 alkylthiocarbonylamino, C.sub. 1-6 alkylthiocarbonylamino 
C.sub. 1-6 alkyl, arylthiocarbonylamino C.sub. 1-6 alkyl, aryl C.sub 1-6 
alkylthiocarbonylamino, aryl C.sub. 1-6 alkylthiocarbonylamino C.sub. 1-6 
alkyl, (C.sub. 1-8 alkyl). sub. p aminocarbonyl C.sub. 1-6 alkyl, 
(aryl). sub. p aminocarbonyl C.sub. 1-6 alkyl, (aryl C.sub. 1-8 alkyl) sub p 
aminocarbonyl, (aryl C.sub. 1-8 alkyl). sub. p aminocarbonyl C.sub 1-6 
alkyl, and C.sub. 7-20 polycyclyl C.sub. 0-8 alkylsulfonylamino, wherein 
any of the alkyl groups of R.sup.7 and R.sup.8 are either unsubstituted 
or substituted with one to three R.sup.l substituents , and provided that 
each R.sup.7 and R.sup.8 are selected such that in the resultant 
compound the carbon atom to which R.sup.7 and R.sup.8 are attached is 
itself attached to no more than one heteroatom; R.sup.9 is selected from 
the group consisting of hydrogen, C.sub. 1-8 alkyl, aryl, aryl C.sub. 1-8 
alkyl, C.sub. 1-8 alkylcarbonyloxy C.sub. 1-4 alkyl, aryl C sub 1-8 
alkylcarbonyloxy C.sub. 1-4 alkyl, C.sub. 1-8 alkylaminocarbonylmethylene , 
and C.sub. 1-8 dialkylaminocarbonylmethylene; wherein each p is 
independently an integer from 0 to 2 ; each r is independently an integer 
from 1 to 3; each s is independently an integer from 0 to 3; each t is 
independently an integer from 0 to 3 ; and each v is independently an 
integer from 0 to 6; and the pharmaceutical^ acceptable salts thereof. 

2. The compound of claim 1 wherein W is selected from the group 
consisting of ##STR21## Y is ##STR22## and Z is selected from the group 
consisting of ##STR23## and R.sup.l and R.sup.4 are as defined in claim 



3. The compound of claim 2 wherein W is selected from the group 



consisting of ##STR24## 



4 . The compound of claim 3 wherein W is selected from the group 
consisting of ##STR25## Z is ##STR26## and each v is independently an 
integer from 0 to 2 . 

5. The compound of claim 4 wherein each R.sup.3 is independently 
selected from the group consisting of hydrogen, fluoro, trif luoromethyl 
aryl, C. sub. 1-8 alkyl, arylC . sub . 1-6 alkyl hydroxyl, oxo, 
arylaminocarbonyl, aryl C. sub. 1-5 alkylaminocarbonyl , aminocarbonyl and 
ammocarbonyl C. sub. 1-6 alkyl; and each R.sup.4 is independently 
selected from the group consisting of hydrogen, aryl, C sub 3-8 
cycloalkyl, C. sub. 1-8 alkyl, C. sub. 1-8 alkylcarbonyl , arylcarbonyl 

C. sub. 1-6 alkylsulfonyl, arylsulf onyl , arylC . sub . 1-6 alkylsulf onyl ' 
arylC.sub.1-6 alkylcarbonyl, C. sub. 1-8 alkylaminocarbonyl, arylc.sub 1-5 
alkylaminocarbonyl, arylC . sub . 1 - 8 alkoxycarbonyl , and C. sub. 1-8 
alkoxycarbonyl . 

6. The compound of claim 5 wherein R.sup.6, R.sup.7, and R.sup.8 are 
each hydrogen and R.sup.5 is selected from the group consisting of 
hydrogen, aryl, C. sub. 1-8 alkyl, aryl- -C . tbd . C- - (CH. sub . 2 ) . sub t -- 
aryl C. sub. 1-6 alkyl, CH.sub.2 . dbd . CH- - (CH . sub . 2 ) . sub . t -- and 
HC.tbd.C-- (CH.sub.2) .sub.t --. 

7. The compound of claim 6 wherein R.sup.9 is selected from the group 
consisting of hydrogen, methyl, and ethyl. 

8. The compound of claim 7 wherein R.sup.9 is hydrogen. 

9. The compound of claim 5 wherein R.sup.5, R.sup.6, and R. sup 8 are 
each hydrogen and R.sup.7 is selected from the group consisting of 
hydrogen, aryl, C. sub. 1-8 alkylcarbonylamino, C. sub. 1-8 
alkylsulfonylamino, arylcarbonylamino, arylsulf onylamino, C.sub 1-8 
alkylsulfonylamino C.sub. 1-6 alkyl, arylsulf onylamino C.sub. 1-6 alkyl 
aryl C.sub. 1-6 alkylsulfonylamino, aryl C.sub. 1-6 alkylsulfonylamino 
C.sub. 1-6 alkyl, C.sub. 1-8 alkoxycarbonylamino, C.sub. 1-8 
alkoxycarbonylamino C.sub. 1-8 alkyl, aryloxycarbonylamino C.sub. 1-8 
alkyl, aryl C.sub. 1-8 alkoxycarbonylamino, aryl C.sub 1-8 
alkoxycarbonylamino C.sub. 1-8 alkyl, C.sub. 1-8 alkylcarbonylamino 
C.sub. 1-6 alkyl, arylcarbonylamino C.sub. 1-6 alkyl, aryl C sub 1-6 
alkylcarbonylamino, aryl C.sub. 1-6 alkylcarbonylamino C.sub. 1-6 alkyl 
aminocarbonylamino C.sub. 1-6 alkyl, (C . sub . 1- 8 alkyl ) . sub p 
aminocarbonylamino, (C.sub. 1-8 alkyl). sub. p aminocarbonylamino C.sub. 1-6 
alkyl, (aryl). sub. p aminocarbonylamino C.sub. 1-6 alkyl 

aryl aminocarbonylamino, (aryl C.sub. 1-8 alkyl). sub. p aminocarbonylamino, 
(aryl C.sub. 1-8 alkyl). sub. p aminocarbonylamino C.sub. 1-6 alkyl 
ammosulfonylamino C.sub. 1-6 alkyl, (C.sub. 1-8 alkyl). sub p 
ammosulfonylamino, (C.sub. 1-8 alkyl). sub. p aminosulf onylamino C.sub 1-6 
alkyl, (aryl). sub. p aminosulf onylamino C.sub. 1-6 alkyl, (aryl C sub 1-8 
alkyl). sub. p aminosulf onylamino, (aryl C.sub. 1-8 alkyl). sub p 
ammosulfonylamino C.sub. 1-6 alkyl, C.sub. 1-6 alkylthiocarbonylamino, 
C.sub. 1-6 alkylthiocarbonylamino C.sub. 1-6 alkyl, arylthiocarbonylamino 
C.sub. 1-6 alkyl, aryl C.sub. 1-6 alkylthiocarbonylamino, and aryl 
C.sub. 1-6 alkylthiocarbonylamino C.sub. 1-6 alkyl. 

10. The compound of claim 9 wherein R.sup.7 is selected from the group 
consisting of hydrogen, aryl, C.sub. 1-8 alkylcarbonylamino, aryl 
C.sub. 1-6 alkylcarbonylamino, arylcarbonylamino, C.sub. 1-8 
alkylsulfonylamino, aryl C.sub. 1-6 alkylsulfonylamino, 
arylsulfonylamino, C.sub. 1-8 alkoxycarbonylamino, aryl C.sub. 1-8 
alkoxycarbonylamino, arylaminocarbonylamino, (C.sub. 1-8 alkyl) sub p 
aminocarbonylamino, (aryl C.sub. 1-8 alkyl). sub. p aminocarbonylamino, 
(C.sub. 1-8 alkyl). sub. p aminosulf onylamino, and (aryl C.sub. 1-8 
alkyl). sub. p aminosulf onylamino . 



11. The compound of claim 10 wherein R.sup.9 is selected from the group 
consisting of hydrogen, methyl, and ethyl. 

12. The compound of claim 11 wherein R.sup.9 is hydrogen. 

13. A compound selected from the group consisting of 

' - [N- (3 , 4, 5, 6-tetrahydropyrimidin-2-yl) amino] biphenyl -4 -carbonyl -2 (S) - 
phenylsulfonylamino- .beta, -alanine, 3 ' - [N- ( 5 , 6 , 7 , 8 - tetrahydro- 
[1, 8] napthyridin-2-yl) amino] biphenyl -4 -carbonyl -2 (S) -phenylsulfonylamino 
.beta. -alanine, and 3 ' - [N- (pyrimidin-2 -yl ) -amino] biphenyl -4 -carbonyl - 
2 (S) -phenylsulfonylamino-alanine, and the pharmaceutically acceptable 
salts thereof. 

14. A pharmaceutical composition comprising a compound 
according to claim 1 and a pharmaceutically acceptable carrier. 

15. The composition of claim 14 which further comprises an 

active ingredient selected from the group consisting of a) an organic 
bisphosphonate or a pharmaceutically acceptable salt or ester thereof, 
b) an estrogen receptor modulator, c) a cytotoxic/antiproliferative 
agent, d) a matrix metalloproteinase inhibitor, e) an inhibitor of 
epidermal-derived, f ibroblast-derived, or platelet -derived growth 
factors, f) an inhibitor of VEGF, g) an inhibitor of Flk-l/KDR, Flt-1, 
Tck/Tie-2, or Tie-1, h) a cathepsin K inhibitor, i) 
an inhibitor of osteoclast proton ATPase, and j) a prenylation 
inhibitor, such as a farnesyl transferase inhibitor or a geranylgeranyl 
transferase inhibitor or a dual f arnesyl/geranylgeranyl transferase 
inhibitor; and mixtures thereof. 

16. The composition of claim 15 wherein said active ingredient 

is selected from the group consisting of a) an organic bisphosphonate or 
a pharmaceutically acceptable salt or ester thereof, b) an estrogen 
receptor modulator, c) a cathepsin K inhibitor, and 
d) an inhibitor of osteoclast proton ATPase; and mixtures thereof. 

17. The composition of claim 16 wherein said organic 

bisphosphonate or pharmaceutically acceptable salt or ester thereof is 
alendronate monosodium trihydrate. 

18. A method of eliciting an integrin receptor antagonizing effect in a 
mammal in need thereof, comprising administering to the mammal a 
therapeutically effective amount of a compound according to claim 1. 

19. The method of claim 18 wherein the integrin receptor antagonizing 
effect is an . alpha .. nu .. beta . 3 antagonizing effect. 

20. The method of claim 19 wherein the . alpha .. nu .. beta . 3 antagonizing 
effect is selected from the group consisting of inhibition of bone 
resorption, osteoporosis, restenosis, angiogenesis , diabetic 
retinopathy, macular degeneration, inflammation, inflammatory arthritis, 
viral disease, tumor growth and metastasis. 

21. The method of claim 20 wherein the . alpha .. nu .. beta . 3 antagonizing 
effect is the inhibition of bone resorption. 

22. The method of claim 18 wherein the integrin receptor antagonizing 
effect is an . alpha .. nu beta . 5 antagonizing effect. 

23. The method of claim 22 wherein the . alpha nu .. beta . 5 antagonizing 
effect is selected from the group consisting of inhibition of 
restenosis, angiogenesis, diabetic retinopathy, macular degeneration, 
inflammation, tumor growth and metastasis. 



24. The method of claim 18 wherein the integrin receptor antagonizing 
effect is a dual . alpha . . nu beta . 3/ . alpha nu . . beta . 5 antagonizing 
effect. 



25. The method of claim 24 wherein the . alpha .. nu .. beta . 3 /. alpha .. nu be 
ta.5 antagonizing effect is selected from the group consisting of 
inhibition of bone resorption, restenosis, angiogenesis , diabetic 
retinopathy, macular degeneration, inflammation, viral disease, tumor 
growth and metastasis. 

26. The method of claim 18 wherein the integrin antagonizing effect is 
an .alpha. .nu. .beta. 6 antagonizing effect. 

27. The method of claim 26 wherein the . alpha .. nu .. beta . 6 antagonizing 
effect is selected from the group consisting of inhibition of 
angiogenesis, inflammatory response, and wound healing. 

28. A method of eliciting an integrin receptor antagonizing effect in a 
mammal in need thereof, comprising administering to the mammal a 
therapeutically effective amount of the composition of claim 

14 . 



29. A method of treating or preventing a condition mediated by 
antagonism of an integrin receptor in a mammal in need thereof, 
comprising administering to the mammal a therapeutically effective 
amount of the composition of claim 14 . 

30. A ^ method of inhibiting bone resorption in a mammal in need thereof, 
comprising administering to the mammal a therapeutically effective 
amount of the composition of claim 14. 

31. A method of inhibiting bone resorption in a mammal in need thereof, 
comprising administering to the mammal a therapeutically effective 
amount of the composition of claim 16. 

32. A method of treating or preventing osteoporosis in a mammal in need 
thereof, comprising administering to the mammal a therapeutically 
effective amount of the composition of claim 14. 

33. A method of treating tumor growth in a mammal in need thereof, 
comprising administering to the mammal a therapeutically effective 
amount of the composition of claim 14 . 

The present invention relates to compounds and derivatives thereof, 
their synthesis, and their use as integrin receptor antagonists. More 
particularly, the compounds of the present invention are antagonists of 
the integrin receptors . alpha .. nu .. beta . 3 , . alpha .. nu .. beta . 5 and/or 
.alpha. .nu. .beta. 6 and are useful for inhibiting bone resorption, 
treating and preventing osteoporosis, and inhibiting vascular 
restenosis, diabetic retinopathy, macular degeneration, angiogenesis, 
atherosclerosis, inflammation, inflammatory arthritis, viral disease, 
and tumor growth and metastasis. 
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TI Induction of rat liver cytochrome P 450 isoenzymes CYP 
1A and CYP 2B by different fungicides, nitrofurans, and 
quercetin 

AU Rahden-Staron, Iwonna; Czeczot, Hanna; Szumilo, Maria 

CS Department of Biochemistry, Medical University of Warsaw, Warsaw, 02-097, 
Pol. 

SO Mutation Research (2001), 498(1-2), 57-66 

CODEN: MURE A V ; ISSN: 0027-5107 
PB Elsevier Science B.V. 
DT Journal 
LA English 
CC 4-6 (Toxicology) 

AB The genotoxic activity of environmental xenobiotics is manifested either 

in their direct interaction with cellular genetic material or in provoking 

secondary events, among which reactive oxygen species (ROS) prodn. is a 

common phenomenon. Both pathways can be mediated by the activity of the 

cytochrome P 450 monooxygenase system. The authors studied the induction 

of the CYP 1A or CYP 2B monooxygenase s in rat liver by 

the fungicides: thiram, captan, captafol, and dodine and the drugs: 

nitrofurazone and furazolidone and the plant flavonoid: quercetin 

. A cytochrome P 450 induction assay (CYPIA test) was used. S9 prepd. 

from the livers of rats treated with the test compds . were used to 

activate ethidium bromide (EtBr) (CYP 1A isoenzyme) or 

cyclophosphamide (CPA) (CYP 2B isoenzyme) in the Ames test. It was found 
that among the tested compds., the most potent inducer of CYP 
1A was furazolidone (3. times. 80 mg/kg) . Less potent was thiram 
(1. times. 100 mg/kg), as well as quercetin (3. times. 80 mg/kg), 
and captafol (1. times. 30 mg/kg). On the other hand, thiram (1. times. 100 
mg/kg), captafol (1. times. 30 mg/kg), and quercetin (3. times. 80 
mg/kg) were most potent in the CYP 2B isoenzyme induction, while 
furazolidone (3. times. 80 mg/kg), and nitrofurazone (3. times. 80 mg/kg) 
appeared to be less potent in this respect. Captan and dodine (3. times. 
80 mg/kg) did not affect the activity of any of the cytochrome P 450 
isoenzymes. 

ST liver cytochrome P 450 isoenzyme induction fungicide nitrofuran 

quercetin 
IT Fungicides 

Genotoxicity 

Liver 

(induction of liver cytochrome P 450 isoenzymes CYP 

1A and CYP 2B by different fungicides and nitrofurans and 

quercetin) 

IT 50-18-0, Cyclophosphamide 1239-45-8, Ethidium bromide 

RL: ADV (Adverse effect, including toxicity); BPR (Biological process); 
BSU (Biological study, unclassified) ; BIOL (Biological study) ; PROC 
(Process) 

(induction of liver cytochrome P 450 isoenzymes CYP 

1A and CYP 2B by different fungicides and nitrofurans and 

quercetin) 

IT 332859-78-6, Cytochrome P 450 1A 334677-51-9, Cytochrome P 450 2B 

RL: BAC (Biological activity or effector, except adverse); BPR (Biological 
process); BSU (Biological study, unclassified); BIOL (Biological study)- 
PROC (Process) 7 ' 

(induction of liver cytochrome P 450 isoenzymes CYP 
1A and CYP 2B by different fungicides and nitrofurans and 
quercetin) 

IT 59-87-0, Nitrofurazone 67-45-8, Furazolidone 117-39-5, 

Quercetin 133-06-2, Captan 137-26-8, Thiram 2425-06-1, 
Captafol 2439-10-3, Dodine 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 



DN 135:241436 

TI The use of a high-volume screening procedure to assess the effects of 

dietary flavonoids on human CYP1A1 expression 
AU Allen, Scott W. ; Mueller, Lisa; Williams, Susanne N . ; Quattrochi, Linda 

C; Raucy, Judy 
CS Puracyp, LLC, San Diego, CA, USA 

SO Drug Metabolism and Disposition (2001), 29(8), 1074-1079 

CODEN: DMDSAI; ISSN: 0090-9556 
PB American Society for Pharmacology and Experimental Therapeutics 
DT Journal 
LA English 

CC 18-7 (Animal Nutrition) 

Section cross -reference ( s ) : 13 

AB The authors examd . the effects of several agents, including dietary 
flavonoids, on CYP1A1 expression utilizing a recently developed 
high-throughput screening system for assessing human cytochrome P 450 
(CYP) induction. HepG2 cells, stably integrated with regulatory regions 
of human CYP1A1, were treated with resveratrol, apigenin, curcumin, 
kaempferol, green tea ext. (GTE), ( - ) -epigallocatechin gallate (EGCG) , 
quercetin, and naringenin. Of these flavonoids, resveratrol 
produced the greatest increase in CYPlAl-mediated luciferase activity 
(10-fold), whereas GTE, apigenin, curcumin, and kaempferol produced 2- to 
3-fold increases in activity. Compared with 2 , 3 , 7 , 8 - tetrachlorodibenzo-p- 
dioxin (TCDD) , omeprazole, or benzanthracene , where increases in 
luciferase activity ranged from 12- to 35-fold, these flavonoids exhibited 
weak agonist activity. The remaining compds . , EGCG, quercetin, 
and naringenin, produced negligible effects. Cotreatment of cells with 
TCDD and GTE, naringenin, and apigenin resulted in 58, 77, and 74% redns . , 
resp., in TCDD-mediated CYP1A1 induction, indicating that these flavonoids 
exhibit potential antagonist activity toward the aryl hydrocarbon (Ah) 
receptor. Furthermore, results also suggest that GTE and apigenin possess 
Ah receptor antagonist and weak agonist activities. Thus, the authors 
showed that a 96-well plate assay allowing high- throughput screening for P 
450 induction in less than 24 h was efficient in detg. the effects of 
flavonoids on human CYP1A expression. Signal-to-noise ratios 
were low, and well-to-well and replicate variability was below 10%, 
allowing induction to be easily detected in this system. These features 
illustrate the reliability and feasibility of this high-vol . screening 
system for identifying CYP inducers. Furthermore, results produced with 
the stable cell line were corroborated in HepG2 cells and primary cultures 
of human hepatocytes, suggesting that stably integrated cell lines 
harboring enhancer elements of P 450 genes may be highly conducive to 
high- throughput screening. 
ST flavonoid diet CYP1A1 gene screening 
IT Gene, animal 

RL: ANT (Analyte) ; BPR (Biological process); BSU (Biological study, 
unclassified) ; ANST (Analytical study) ; BIOL (Biological study) ; PROC 
(Process) 

(CYP1A1; high-vol. screening procedure to assess effects of dietary 

flavonoids on human CYP1A1 expression) 
IT Animal cell line 

(Hep G2; high-vol. screening procedure to assess effects of dietary 

flavonoids on human CYP1A1 expression) 
IT Tea products 

(green, ext.; high-vol. screening procedure to assess effects of 
dietary flavonoids on human CYP1A1 expression) 
IT Liver 

(hepatocyte; high-vol. screening procedure to assess effects of dietary 
flavonoids on human CYP1A1 expression) 
IT Flavonoids 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; BIOL (Biological study) 

(high-vol. screening procedure to assess effects of dietary flavonoids 

on human CYP1A1 expression) 



IT 56-49-5, 3-Methylcholanthrene 56-55-3, Benzanthracene 73590-58-6, 
Omeprazole 

RL: ARG (Analytical reagent use); ANST (Analytical study); USES (Uses) 

(high-vol. screening procedure to assess effects of dietary flavonoids 
on human CYP1A1 expression) 
IT 117-39-5, Quercetin 458-37-7, Curcumin 480-41-1, Naringenin 

501-36-0, Resveratrol 520-18-3, Kaempferol 520-36-5, Apigenin 
989-51-5, (-) -Epigallocatechin gallate 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; BIOL (Biological study) 

(high-vol. screening procedure to assess effects of dietary flavonoids 
on human CYP1A1 expression) 
IT 61970-00-1, Luciferase 

RL: BUU (Biological use, unclassified); BIOL (Biological study); USES 
(Uses) 

(high-vol. screening procedure to assess effects of dietary flavonoids 
on human CYP1A1 expression) 
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TI Chemoprotective potentials of homoisof lavonoids and chalcones of Dracaena 
cinnabari: modulations of drug-metabolizing enzymes and antioxidant 
activity 

AU Machala, Miroslav; Kubinova, Renata; Horavova, Pavla; Suchy, Vaclav 
CS Veterinary Research Institute, Brno, 62132, Czech Rep. 
SO Phytotherapy Research (2001), 15(2), 114-118 

CODEN: PHYREH; ISSN: 0951-418X 
PB John Wiley & Sons Ltd. 
DT Journal 
LA English 
CC 1-3 (Pharmacology) 

Section cross - reference ( s ) : 11 
AB A series of homoisof lavonoids and chalcones, isolated from the endemic 



tropical plant Dracaena cinnabari Balf. (Agavaceae) , were tested for their 
potential to inhibit cytochrome P 4501A (CYP1A) enzymes and 
Fe-enhanced in vitro peroxidn. of microsomal lipids in C57B1/6 mouse 
liver. The effects of the polyphenolic compds . were compared with those 
of prototypal flavonoid modulators of CYP1A and the well-known 
antioxidant, butylated hydroxytoluene . 2 -Hydroxychalcone and partly 
4 , 6-dihydroxychalcone were found to be strong inhibitors of CYP1A 
-dependent 7 -ethoxyresoruf in O-deethylase (EROD) activity in vitro 
comparable to the effects of quercetin and chrysin. The first 
screening of flavonoids and chalcones of Dracaena cinnabari for 
antioxidant activity was done in an in vitro microsomal peroxidn. assay. 
While chalcones were shown to be poor antioxidants, 7 , 8 -methylenedioxy-3 (4 - 
hydroxybenzyl) chromane , as one of the tested homoisof lavonoids , exhibited 
a strong antioxidant activity comparable to that of the strongest flavonol 
antioxidant, quercetin. 

ST Dracaena cinnabari homoisof lavonoid chalcone drug metabolizing enzyme 
antioxidant 

IT Dracaena cinnabari 
Liver 

(chemoprotective potentials of homoisof lavonoids and chalcones of 
Dracaena cinnabari in relation to modulations of drug-metabolizing 
enzymes and antioxidant activity) 
IT Flavonoids 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; THU (Therapeutic use) ; BIOL (Biological study) ; USES 
(Uses) 

(chemoprotective potentials of homoisof lavonoids and chalcones of 
Dracaena cinnabari in relation to modulations of drug-metabolizing 
enzymes and antioxidant activity) 

IT Enzymes, biological studies 

RL: BPR (Biological process); BSU (Biological study, unclassified); BIOL 
(Biological study) ; PROC (Process) 

(drug-metabolizing; chemoprotective potentials of homoisof lavonoids and 
chalcones of Dracaena cinnabari in relation to modulations of 
drug-metabolizing enzymes and antioxidant activity) 

IT Peroxidation 

(lipid; chemoprotective potentials of homoisof lavonoids and chalcones 
of Dracaena cinnabari in relation to modulations of drug-metabolizing 
enzymes and antioxidant activity) 

IT Lipids, biological studies 

RL: BPR (Biological process); BSU (Biological study, unclassified); BIOL 
(Biological study) ; PROC (Process) 

(peroxidn.; chemoprotective potentials of homoisof lavonoids and 
chalcones of Dracaena cinnabari in relation to modulations of 
drug-metabolizing enzymes and antioxidant activity) 

IT Antioxidants 

(pharmaceutical; chemoprotective potentials of homoisof lavonoids and 
chalcones of Dracaena cinnabari in relation to modulations of 
drug-metabolizing enzymes and antioxidant activity) 
IT 59793-97-4, 7 - Ethoxyresoruf in O-deethylase 

RL: BAC (Biological activity or effector, except adverse); BPR (Biological 
process) ; BSU (Biological study, unclassified) ; BIOL (Biological study) ; 
PROC (Process) 

(chemoprotective potentials of homoisof lavonoids and chalcones of 
Dracaena cinnabari in relation to modulations of drug-metabolizing 
enzymes and antioxidant activity) 
IT 94-41-7D, chalcone, derivs . 117-39-5, Quercetin 480-40-0, 

Chrysin 548-83-4, Galangin 644-78-0, 2 -Hydroxychalcone 6665-86-7, 
7-Hydroxyf lavone 25515-43-9 148461-99-8 148462-00-4 361160-32-9 
361160-34-1 36116 0-37-4 361160-39-6 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; THU (Therapeutic use) ; BIOL (Biological study) ; USES 
(Uses) 

(chemoprotective potentials of homoisof lavonoids and chalcones of 



AU Helsby, N. A.; Chipman, J. K. ; Gescher, A.; Kerr, D. 

CS School of Biochemistry, University of Birmingham, Edgbaston, B15 2TT, UK 
SO Food and Chemical Toxicology (1998), 36(5), 375-382 

CODEN: FCT0D7; ISSN: 0278-6915 
PB Elsevier Science Ltd. 
DT Journal 
LA English 

CC 18-7 (Animal Nutrition) 

Section cross -reference ( s ) : 1, 14 

AB The inhibitory effect of the isof lavonoids genistein and equol 

on cytochrome P 450 activities has been investigated. Genistein 
and equol inhibited the high capacity component of p-ni trophenol (CYP2E1 
substrate) metab. in liver microsomes from acetone-induced mice with IC50 
values of approx. 10 mM and 560 .mu.M, resp . (cf. diethyldithiocarbamate , 
IC50, 69 .mu.M) . Using human CYP2E1 from a specific expression system 
(which overcame multienzyme involvement in the rodent system) , 
non-competitive inhibition was also seen with both isof lavonoids . 
Genistein and equol also inhibited the high capacity component of 
ethoxyresoruf in (CYP1A substrate) metab. in liver microsomes 
from . beta . -naphthof lavone - induced mice with IC50 values of 5.6 mM and 1.7 
mM, resp. (cf. . alpha . -naphthof lavone , IC50 0.8. mu.M). Using human CYP1A2 
from a specific expression system, noncompetitive inhibition was seen with 
both isof lavonoids . CYP1A1 inhibition offers a possible explanation for 
the chemopreventive effect of genistein against, for example, 
dimethylbenz [a] anthracene genotoxicity reported in animals but the IC50 
values negate the relevance of this specific chemopreventive action at the 
levels likely to be achieved from the human diet. 

ST chemoprevention genotoxicity isof lavonoid; genistein 

genotoxicity chemoprevention; equol genotoxicity chemoprevention; metab 
inhibition cell line genistein equol 

IT Animal cell line 

(CYP 1A and 2E1; inhibition of mouse and human 
CYP lA-and 2El-dependent substrate metab. by the 
isof lavonoids genistein and equol) 

IT Genotoxicity 

Metabolism, animal 

(inhibition of mouse and human CYP lA-and 

2El-dependent substrate metab. by the isof lavonoids genistein 
and equol) 
IT Isof lavonoids 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; BIOL (Biological study) 
(inhibition of mouse and human CYP lA-and 

2E1 -dependent substrate metab. by the isof lavonoids genistein 
and equol) 
IT Microsome 

(liver; inhibition of mouse and human CYP lA-and 

2E1 -dependent substrate metab. by the isof lavonoids genistein 

and equol) 

IT 9035-51-2, Cytochrome P 450, biological studies 

RL: BAC (Biological activity or effector, except adverse) ; BPR (Biological 
process) ; BSU (Biological study, unclassified) ; BIOL (Biological study) ; 
PROC (Process) 

(inhibition of mouse and human CYP lA-and 

2El-dependent substrate metab. by the isof lavonoids genistein 
and equol) 

IT 446-72-0, Genistein 531-95-3, Equol 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; BIOL (Biological study) 
(inhibition of mouse and human CYP lA-and 

2El-dependent substrate metab. by the isof lavonoids genistein 
and equol) 

IT 100-02-7, p-Nitrophenol, biological studies 

RL: BPR (Biological process); BSU (Biological study, unclassified); BIOL 



(Biological study) ; PROC (Process) 

(inhibition of mouse and human CYP lA-and 

2El-dependent substrate metab. by the isof lavonoids genistein 
and equol) 
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TI In vitro biotransformation of flavonoids by rat liver microsomes 

AU Nielsen, S. E . ; Breinholt, V.; Justesen, U. ; Cornett, C. ; Dragsted, L. 0.; 

Nielsen, S. E.; Breinholt, V.; Justesen, U.; Cornett, C; Dragsted, L. O. 
CS Institute of Toxicology and t Institute of Food Chemistry and Nutrition, 

Danish Veterinary and Food Administration, Soborg, DK-2860, Den. 
SO Xenobiotica (1998), 28(4), 389-401 

CODEN: XENOBH; ISSN: 0049-8254 
PB Taylor & Francis Ltd. 
DT Journal 
LA English 
CC 1-2 (Pharmacology) 

AB Sixteen naturally occurring flavonoids were investigated as substrates for 
cytochrome P 450 in uninduced and Aroclor 1254-induced rat liver 
microsomes. Naringenin, hesperetin, chrysin, apigenin, tangeretin, 
kaempferol, galangin and tamarixetin were all metabolized extensively by 
induced rat liver microsomes but only to a minor extent by uninduced 
microsomes. No metabolites were detected from eriodictyol, taxifolin, 
luteolin, quercetin, myricetin, fisetin, morin or isorhamnetin . 
The identity of the metabolites was elucidated using Ic-ms and 1H-NMR, and 
was consistent with a general metabolic pathway leading to the 
corresponding 3 ' , 4 1 -dihydroxylated flavonoids either by hydroxylation or 
demethylation. Structural requirements for microsomal hydroxylation 
appeared to be a single or no hydroxy group on the B-ring of the flavan 
nucleus. The presence of two or more hydroxy groups on the B-ring seemed 
to prevent further hydroxylation. The results indicate that demethylation 
only occurs in the B-ring when the methoxy group is positioned at C4 1 and 
not at the C3 , -position . The CYP1A isoenzymes were found to be 
the main enzymes involved in flavonoid hydroxylation, whereas other 
cytochrome P 450 isoenzymes seem to be involved in flavonoid 
demethylation. 

ST flavonoid metab liver microsome cytochrome P450 

IT Drug metabolism 
Liver 
Microsome 

(in vitro biotransformation of flavonoids by rat liver microsomes) 
IT Flavonoids 

RL: BPR (Biological process); BSU (Biological study, unclassified); BIOL 
(Biological study) ; PROC (Process) 

(in vitro biotransformation of flavonoids by rat liver microsomes) 
IT 117-39-5, Quercetin 480-16-0, Morin 480-18-2, Taxifolin 

480- 19-3, Isorhamnetin 480-40-0, Chrysin 480-41-1, Naringenin 

481- 53-8, Tangeretin 491-70-3, Luteolin 520-18-3, Kaempferol 
520-33-2, Hesperetin 520-36-5, Apigenin 528-48-3, Fisetin 529-44-2, 
Myricetin 548-83-4, Galangin 552-58-9, Eriodictyol 603-61-2, 
Tamarixetin 

RL: BPR (Biological process); BSU (Biological study, unclassified); BIOL 
(Biological study) ; PROC (Process) 

(in vitro biotransformation of flavonoids by rat liver microsomes) 
IT 16545-23-6, Xanthomicrol 36950-98-8, 4 ' -Hydroxy- 5 , 6 , 7 , 8 - 
tetramethoxyf lavone 8014 0-31-4, 3 ' , 4 ' -Dihydroxy- 5 , 6,7,8- 
t e t r ame t hoxy f 1 a vone 

RL: BSU (Biological study, unclassified); MFM (Metabolic formation); BIOL 
(Biological study) ; FORM (Formation, nonpreparative ) 

(in vitro biotransformation of flavonoids by rat liver microsomes) 
IT 9035-51-2, Cytochrome P 450, biological studies 

RL: BAC (Biological activity or effector, except adverse) ; BSU (Biological 



study, unclassified) ; BIOL (Biological study) 

(isoenzymes CYP1A, CYP3A, CYP1A2 , and CYP2B; in vitro 
biotransformation of flavonoids by rat liver microsomes) 
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TI Isoenzyme- and species-specific susceptibility of cDNA-expressed 

CYP1A P-450s to different flavonoids 
AU Tsyrlov, Ilya B. ; Mikhailenko, Victor M. ; Gelboin, Harry V. 
CS Laboratory of Molecular Carcinogenesis, National Cancer Institute, 

National Institutes of Health, Bethesda, MD, 20892, USA 
SO Biochimica et Biophysica Acta (1994), 1205(2), 325-35 

CODEN: BBACAQ; ISSN: 0006-3002 
DT Journal 
LA English 
CC 7-6 (Enzymes) 

AB The inhibitory and stimulatory effects of 6 flavonoids with distinct 
hydroxylation patterns on the recombinant and hepatic mouse and human 
CYP1A P 450s were studied. CDNA-expressed mouse CYP1A1 and CYP1A2 
differed in their sensitivity to both hydroxylated and nonhydroxylated 
flavonoids, resp. A comparison between the mouse and human CYP1A2 
revealed that . alpha . -naphthof lavone and flavone did not change the 
benzo [. alpha .] pyrene 3 -hydroxylation activity of human CYP1A2 but 
inhibited its 7 -ethoxyresoruf in and 7 -methoxyresoruf in O-dealkylation 
activities. In contrast, hydroxylated flavonoids increased the 



7-methoxyresoruf in O-demethylation and acetanilide 4 -hydroxylation 
activities of cDNA-expressed human CYP1A2 and in human liver microsomes. 
These compds . inhibited the benzo [a] pyrene 3 -hydroxylase activity of 
cDNA-expressed CYP1A1 and CYPlA2s as well as in mouse and human liver 
microsomes. Hydroxylated flavonoids did not inhibit NADPH- cytochrome P 
450 reductase activity but inhibited NADPH -2 , 6 -dichlorophenolindophenol 
reductase activity in liver microsomes and in microsomes from recombinant 
Hep G2 cells. Structure-activity relations indicated the importance of OH 
groups in the 5- and 7 -positions on the A ring of the flavane nucleus. 
These OH groups accounted for the inhibitory potency of chrysin on each of 
the activities of the expressed P 450s, whereas the presence of a OH group 
at the 4' -position on the B ring decreased the inhibitory potency of 
naringenin compared to that of chrysin. The ortho-orientation of a OH 
group on the B ring was of importance, inasmuch as quercetin was 
more potent than morin as an inhibitor of cDNA-expressed and hepatic 
microsomal monooxygenases . 

ST cytochrome P450 1A expression liver 
f lavonoid 

IT Flavonoids 

RL: BIOL (Biological study) 

(cytochrome P 450 1A expression by mouse and human liver response to) 

IT Liver, metabolism 

(cytochrome P 450 1A expression by, of mouse and human, flavonoids 
effect on) 

IT Carcinogens 

(flavonoids effect on cytochrome P 450 1A of human liver in relation 
to) 

IT Microsome 

(xenobiotic-metabolizing enzymes of, of liver of mouse and human, 
flavonoids effect on cytochrome P 450 1A expression in relation to) 
IT Gene, animal 

RL: BIOL (Biological study) 

(CYP1A1, expression of, by human liver, flavonoids effect on) 
IT Gene, animal 

RL: BIOL (Biological study) 

(Cyplal, expression of, by mouse liver, flavonoids effect on) 
IT Gene, animal 

RL: BIOL (Biological study) 

(Cypla2, expression of, by mouse liver, flavonoids effect on) 
IT Molecular structure -biological activity relationship 

(cytochrome P 450 isoenzyme-inducing, of flavonoids) 
IT Enzymes 

RL: BIOL (Biological study) 

(xenobiotic-metabolizing, flavonoids effect on cytochrome P 450 1A of 
mouse and human liver in relation to) 
IT 9035-51-2, Cytochrome P 450, biological studies 
RL: BIOL (Biological study) 

(1A, expression of, by mouse and human liver, flavonoids effect on) 
IT 117-39-5, Quercetin 480-16-0, Morin 480-40-0, Chrysin 

480-41-1, Naringenin 525-82-6, Flavone 604-59-1, .alpha. - 

Naphthof lavone 

RL: BIOL (Biological study) 

(cytochrome P 450 1A expression by mouse and human liver response to) 
IT 90 38-14-6, Monooxygenase 

RL: BIOL (Biological study) 

(cytochrome P 450 lA-dependent , of mouse and human liver, flavonoids 
effect on) 

IT 9012-80-0, Acetanilide 4 -hydroxylase 9037-52-9, Aryl hydrocarbon 
hydroxylase 9039-06-9, NADPH -cytochrome P 450 oxidoreductase 
9068-65-9, NADPH -2 , 6 -dichlorophenol indophenol oxidoreductase 59793-97-4 , 
7-Ethoxyresoruf in O-deethylase 83682-88-6, 7 -Methoxyresoruf in 
O-demethylase 

RL: BIOL (Biological study) 

(flavonoids effect on cytochrome P 450 1A of mouse and human in 



relation to) 



